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INTRODUCTION. 

This shori noto lias Keen written primarily to supply the Develop- 
ments Department of the (Jovernnumt of the North-West Frontier 
Provinee witli an idea of the mineral resources of the Province and 
to iiulicate lli(» direc\ionH to which activities could be turned for 
its future (coiioniic. development. It does not claim to be detailed 
and must be regarded as a summarised account of a subject which 
I have long lioped to dt al with more fully, but have been prevented 
from so doing by pressure of more urgent work. 

UNPUBLISHED REPORTS. 

The following is a list of the chief unpublished reports on matters 
of economic im(v<»rtance in the North-West Frontier Province which 
officers of the ticological Survey of India have written daring recent 
years. Most of these were forwarded to the Chief Secretary of the 
Lottal Oovernm^mt. 

G. DE P. CoTi'KR, Feb- “ Note on the Geology of the Kurram 
RCARY, 192fi. Valley.” 

4. 30-1-1936 . ” Preliminary Report on the Clay of 

^ the 3csai Ridge.” 
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A. h CoviBOS, 10-2-1936 . 
.. 13-2-1936 . 

„ 15-2-1936 . 


30-3-1936 . 


1-4-1936 . 


13-8-1936 . 


2-10-1936 . 


25-2-1937 . 


7-7-1937 . 

30-7-1937 . 


Pr wlitninaf y Report on tbe Pauiala 
Clay.” 

“ Report on the Kark (Kkarak) Oil* 
Shale, Kohat Diatrict.” 

” Preliminary Report on OoW in the 
North-West Frontior Province.” 

*' The Marbles of the MullaKori Coun- 
try, Khyl)er Agency and of the Pesh- 
a*'ar District, North-West Frontier 
Province ; with an Appendix on the 
Slates of the Nowshora Talisil, Pesh- 
awar District.” [Much of this was 
published in my papisr *’ Marble of 
the North-West Frontier Province ”, 
Pec. Ged. ffurv, Ind., 71, Pt. 3, 
pp. 328-344, (1936).] 

” Re{)ort on the Steatite of Klmirabad 
Kund, Nowshcra Talisil : with an Ap- 
pendix on the Clay at .Tahangira, 
Swabi Talisil.” 

“ Oil-Shale near Banda Daud Shah, 
Koliat District, North-West Frontier 
Province.” 

Preliminary Kepoft on the Kconoiiiio 
Ceology of Waziristan, North-West 
Frontier Province.” 

‘‘The Relation of the Coal of the 
Surghar Itai^-*' to the Boundary 
lietween the Kohat District of the 
North-West Frontier . Province and 
the Mianwali District of the Punjab.” 

“The Codl of the Dons River, near 
Ablxittabad, Hazara District, North- 
West Frontier Province.” 

” Marble and Dolomite of Ohundai 
Tarako, a Hill forming part of the Fron- 
tier between the Swabi Tahnl of 
the Mardan District and the Boner 
Tract of Swat in the Noith-West 
Frontier Province.” [Partly modified 
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Slid pablislied as ** Marble uid Dolo* 
mite of Ghundsi Tarsko, North- 
West Frontier Province”, Bee. Oeol, 
Sun. Ind.. 72, Pt. 2, pp. 227-234, 
, , (1937)0 

A. L. OooLBON, 30-12-1938 “The Sinking of Tube-Wells for the 

Electricity Department of the North- 
West Frontier Province at the Grid 
Sub-Stations at Mardan, Nowshera 
and Gharsadda.” 

n 3-1-1939 . ** The Underground Water-Supply of the 

Peshawar and Mardan Districts of 
the North-West Frontier Province.” 
(The report was enlarged and pub- 
lished as “ The Underground Water- 
Supply of the Peshawar and Mardan 
Districts of the North-West Frontier 
Province ; with an Appendix on the 
Kohat Valley,” Rtsa, Geol, Surv, Ind*, 
74, Pt. 2, pp. 229-239.) 

M 30-3-1939 . “ The Water-Supply of the «rarman 

Estiite and of the Togli Area, Kohat 
^ District, North-West Frontier Pro- 

vince.” 

99 28-6-1939 , “ Gold in the Khyber Agency, North- 

West Frontier Province.” 

G. H. TirpKB . . . Prehminary Report on Minerals in 

Chitral. ” 

W. D. West, 11-8-1934 , ” Report on various Water-Supply Pro- 
blems in the Peshawar Distirct.” 


PUBLISHED PAPERS. 

The following is a list of the more important published papers 
^ notices of an economic aspect that deal with the North-West 
Frontaer Province, either entirely or in part:— 

A. L. CotujsoN, 1936 . “Marble of the North-West Frontier 

• Province.” Sec, Geol, Surv, Ind.,, 71, 

Pt. 3, pp. 328-344. 
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A. h. CouLSON, 1937 


M 


M 


1939 


H. Crookrhank, 1939 
L. M. Davies, 1926 
L. L. Fermor, 1922 


• > n 


f» 19 

E. R. Oee, 1938 


A. M. Heron, 1937 


9» 99 


9> 


»> 


*' Marble and Dolomite of (Hiundai 
Tarako, North-West Frontier Pro- 
vince.” Op. ok., 72, Pt. 2, pp. 227-284. 

“ Gold in the North-West Frontier 
Ptovinoe.” Tram. Min. OeA. M«L 
Inet. Jnd., XXXIII, Pt. 2, pp. 191- 
206. 

“ The Underground Water-Supply of 
the Peshawar and Mardan Distriots 
of the North-West Frontier Province ; 
with an Appendix on the Kohat 
Valley.” Ree. Geol. Swv. Ini., 74, 
Pt. 2, pp. 229-259. 

” Indian Refractory Clays.” JhM. tod. 
Indus. Res., No, 14, pp. 34-36. 

“ Notes oil the (Jeology of Kohat.” 
Joum. A. S. J{., N, S., XX, p. 207. 

“General Report for 1921.” (Chitral : 
Arsenio-ore.) Rtic. (teol. Surv. Ini., 
LIV, p. 16. 

“General Report for 1921.” (Chitral: 
Cinnabar.) i)jt. rit.. p. 26. 

“General Report for 1921.” (IHiitral: 
Sulphide-ores.) , (tji. nl., p. JiO. 

“ The Economic Geology of the North- 
ern Punjab, with notes on adjoining 
portions of the North-West Frontier 
Province.” Trans. Min. Ueol. Met. 
Inst. Ini., XXXIII, pp. 263-364. 

“ General Report for 1936.” ((geolo- 
gical Survey in North-West Frontier 
Province.) Rec. Geol. Hurv. Ini., 72, 
p. 71. 

“ General Report for 1936.” (Gold 
in Peshawar District.) Op. eU,, p. 50. 

“ General Report for 1936.” (Iron-ore 
in South Waziristan.) Op. ciL, p. 62. 

“ General Report for 19^}.” (Irriga- 
tion Scheme in Khybcr Agency.) 
Op. cU., p. 47. • 
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A. 11. Hbhom, 1937 


9 > 9f 


M »» 


•f •» 


tt 99 


99 99 


99 99 


99 99 


1938 


•» »» 


H W 


. “ Qeoeral Eleport for 1936.** (Marble 
in Nortb'West Frontier Province.) 
Op. cit., p. 33. 

. “ General Report for 1936.** (Nickel 
in North Wsziristan.) Op. cit., p. 53. 

. General Report for 1936.’* (Oil-shale 
in Kohat District.) Op. cit., p. 54. 

. “ General Report for 1936.** (Slate 
in North-West Frontier Province.) 
Op. cit., p. 33. 

. “ General Report for 1936.** (Soda- 
granite Suite in North-West Frontier 
Province.) Op. cit., p. 28. 

. " General Report for 1936.** (Steatite 

in Peshawar District.) Op. cit., p. 56. 

. “ General Report for 1936.” (Upper 
Triassic Fossils in North-West Fron- 
tier Province.) Op. cit., p. 35. 

. “ General Report for 1936.” (Clay in 

North-West Frontier Province.) Op. 
cit., p. 34. 

. General Report for 1936.” (Coal in 

North-West Frontier Province.) Op. 
cit., p. 44. 

. ” General lieport for 1936.” (Copper 
in North-West Frontier Province.) 
Op. cit, p. 45. 

. “ General Report for 1937.” (Geolo- 
gical Survey of Peshawar District.) 
Op. cit., 73, p. 84. 

. “ General Report for 1937.” (Coal in 
Dore River.) Op. cit., p. 42. 

. ” General Report for 1937.” (Coal in 

Hazara District.) Op. cit., p. 36. 

. “ General Report for 1937.” (Geolo- 
gical Survey of North-West Frontier 
Province.) Op. dt., pp. 84 and 86. 

. “ General Report for 1937.” (Hydro- 
Electric Possibilities in North-West 
Frontier Province.) Op. cit., pp. 40-42. 
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A. M. Hbbom, 1938 


»9 


1939 


99 


99 


99 


99 


>9 


99 


T. H. D. La 
Touohb, 1892, 

C. S. MiDOLEHIiiS, 1890 . 


1896 . 


E. H. Pascoe, 1920 


99 


1923 


99 


99 


99 


99 


99 


»9 


“ General Report for 1937.” (Marble 
in Maidan District.) Op. oU., pp. 30 
and 87. 

** General Report for 1937.” (Goal 
from North-West Frontier Province 
and Punjab Boundary.) Op. dt., 
p. 33. 

“General Report for 1938.” (Tube- 
Wells, Mardan, Nuwshera and Ohar- 
sadda.) Op. oU., 74, pp. 42-43. 

“ General Report for 1938.” (Gold, 
Mardan District, North-West Fron- 
tier Province.) Op. oU., p. 47. 

“ General Report fur 1938.” (Mardan 
District, GiH)logy.) Op. cU., p. 64. 

“ General Report for 1938. ” (Marble, 
Khyber Agency.) Op. cU., p. 32. 

“Report on the Oil Hprings at Mughal 
Kot in the Hhirani Hills.” Hoc. 
Geol. Swv. ltd., XXV, pp, 171-175. 

“ Preliminary Note on the Coal >Scain 
of the Dore Ravine.” Rec. Oed. 
Surv. ltd., XXlll, Pt. 4, pp. 267-269. 

“ The Geology of Hazara and the 
Black Mountain.” Metn. Geol. Simt. 
ltd., XXV) 

“ Petroleum in the Punjab and North- 
West Frontior Province.” Mem. 

Geci. Hurv. ltd. XL, Pt. 3. 

“ Gener&l Report for 1922.” (Cliitral ; 

Arsenic-ore.) liec. Geol. Hunt, ltd., 
LV, p. 13. 

“ General Report for 1922.” (Ghitral : 
Asbestos.) Op. cU., p 14. 

“ General Report for 1922.” (Chitral : 

Copper-ore.) Op. at., p. 15. 

“General Report for 1922.” ^(Chitral: 

Garnet.) Op. eet,, p. 19. * 
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B. H. Pabcoe, 11)23 






M. Stuart, 1919 


tf n 


D. N. Wadia 

AN0 

Ji. M. Davies, 1929. 
A. B. Wynne, 1875 


1880 


“ General Report for 1922.” (Chitral : 
Manganese-ore.) Op. cit., p. 15. 

“ General Report for 1922.” (Chitral ; 
Sulphide-ores.) Op. cU., p. 28. 

“ The Potash Salts of the Punjab 
Salt Range and Kohat.” Rec. Geol. 
Surv. Ind., L, Pt. 1, pp. 28-56. 

“ Suggestions regarding the origin and 
history of the rock-salt deposits of 
the Punjab and Kohat.” Rec. Geol. 
Surv. Ini., L, Pt. 1, pp. 57-99. 

“ The Age and Origin of Gyiwuin 
a880ciatc<i with the. Salt Deposits of 
Kohat.” Trans. Min. Geol. Inst. 
Ind., XXIV, pp. 202-222. 

“ The Trans-Ihdus Salt region in the 
Kohat district ; with an Appendix on 
the Kohat Mines and Quarries by 
Dr. II. Warth.” Mem. Geol. Surv. 
Ind., XI, Pt. 2. 

“ On the Trans-Indus Extension of the 
Punjab Salt Range.” Mem. Geol. 
Surv. Ind., XVII, Pt. 2. 


MINERAL PRODUCTION PROM FRONTIER PROVINCE. 

In Tables 1 and 2 (p. 11), 1 give the recorded mineral 
production from the North-West Frontier Province, which from 
1929 to 1938, had an aimual average value of less than Rs. 75,000. 

It will be seen that the mineral production of the Province is 
extremely small and consists almost entirely of salt, limestone, 
marble, and road-metal. Clays must be produced locally ; but 
no figures of the production of these are available. Efforts shoidd 
be made by the Local Government to obtain those and forward 
them regularly to the Oeolc^cal Survey of India for inclusion in 
the annual returns of the mineral industry in India which arc pub- 
lished in the Records of that Department. 



Table 1. — Mineral Production from Sorth-West Frontier Province during the gears 1929 to 1933, 


11 



<«) Tflloe not nported. 

FIfuet relate to official Tears 19$6>3r and 1937-35. 

<rl Frodvcffioo aBOUBtcd to 31 tons dortBf 1937 ukd 1935. Valae has ooi ^et been det^ 
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SUMMARISED ACCOUNT OP THE OCCURRENCE OF 
MINERALS OP ECONOMIC IMPORTANCE. 

In the following summarised account, I have refrained from 
giving references to relevant literature. If the reference cannot 
be found in the lists of unpublished reports and published papers 
accompanying this note, then the interested enquirer will doubtless 
find it in La Touche’s invaluable “ Annotated Index of Minerals 
of Economic Value ”, which forms Part I-B of his “ Bibliography 
of Indian Geology and Physical Geography ” ( 1918 ). I have sum- 
marised extensively from this useful publication. 


Abrasives. 


Hmra district. 


Kohat district. 


Garnets arc known to occur in Cliitral, but they are cracked 
and only occasionally of good colour. They might be used as an 
. , abrasive were they found in sufficient 

quantity. 

There are abundant outcrops of white nuif-quartz pegmatite 
associated with the Hazara granite-gneiss. 

The crushing of these is likely to be expensive. 

A quartz sand is said to occur near Fort Lockhart in the Kohat 
district, its locality being known to the Attock Oil Go., Ltd. 

However, efforts to obtain the position of 
this sand have been unsuccessful. It is pro- 
bably one of the softer sandstones described by Davies in his mono- 
graph on the Saniana Range. 

Quartz and felspar sand occurs in some of the dry river courses 
of the streams draining the outcrop of Buner granite in the Mardan 
district. This has been used with varying 
success for cutting marble at the Peshawar 
factory in which the Shahidmona (Khyber) marble was formerly 
prepared. 

There arc numerous outcrops of quartzite, which could be 
crushed and ground to provide an abrasive material, in the eastern 
part of the Mardan district. 

Certain of the more ' arenaceous clays and slightly arenaceous 
limestones in the Peshawar and Mardan districts could possibly 
be used as fine abrasives for metal and other 
ilMilM**”*'*^ polishes. It is interesting to note that the 

abrasive agent in a certain well-known brand 


MarSan district. 



N. W. F. P., Alum amd Aniitnomf^^rt. 


IS 


of metal polish appears to be fine quartz, not exceeding 0*016 mm. 
in greatest diameter. Accordingly, it should be easy to crush 
some of the above rocks to this sc^reening. 

Alum and Aluminous Salts. 

Griesbach mentions the occurrence of lavender-coloured clay* 
shales, with beds of bituminous alum-shales, at several distinct 
horizons in his Metamorphio series, of possible 
yfcer genejr. Carboniferous age, in the hills near Shahid- 
mena (34^ 9' : 71^ 17'), in the Mullagori country in the Khybt^r 
Agency ; but no further details are available. I di<l not notice 
these during my short visits to the marble of this area. 

When examining the tunnels along the Khyber llailway, Fox 
noted that the black and grey shales^ which are occasionally 
crossed by zones of crush and shearing owing to tlie presiuice of 
finely disseminated pyrite, are subject to rapid alteration on expo- 
sure to damp air. The pyrite is dec^omposed and the sulphuric 
acid therefrom leads to the formation of alum, breaking down the 
shales into soft clay. The alum occurs as an efflorescence on the 
surface of the shales or in the tunnels which travi^rse these beds. 
After rain, the efflorescence is washed away ; but in the following 
dry weather, more efflorewjence appt^ars. 

W^ynne noted black alurn-shaies at Jatta, (33'^ 19' : TT' 17') 
in the Kobat district and again in the rofky I'tprgti near Bozha 
Banda in the saiiie district. Jfe states that 
the latter shales are evidently pyritious. 
There is little doubt that tJiere are nu'ierous similar occurrences 
in the district — the alum-shales of the adjoining Mianwali district 
were for long worked as a source of the alum they contained. 
Wynne mentions the appearances of once extensive sulphur or 
aliun works on the right bank of the Indus near Dandi Hill station. 
These are situated on the road from Chorlakki to Dandi (33'^ 36' : 
71° 69'), about two miles from the former. 

Antimony-ore. 

Agha Abbas mentions the existenc^e of a mine of antimony in 
the Zalmukht hills, north of Thai (33‘^ 22' : 70° 30') in the Kurram 
valley. The ore is said to be of •inferior 
quality, bi)t it was exported to Multaq, 


Kohat district. 


Kurram Agenej. 
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Arsenic-ore. 


Thf. oms of arsenic (orpiment and realgar) liave been long known 
from the Chitral and the mines, judging from the size and extent 
of the workings, must be of some age. Ac- 
" cording to Tipper, the deposits are (1) Mir- 

gasht Ool (n,000); (2) Aligot (13,000); (3) Londku (11,000); (4) 
Wizmich (16,000) ; (6) Moghono zom (16,000) ; and (6) Stach (14,000) : 
the figures in brackets give the respective heights of the deposits. 
The first two lie on the northern side of the Tirich valley ; the third 
is in the valley of the same name, the streams being a tributary of 
the Tirich. Wizraich can be reached by a difficult climb from 
Londku, but is preferably approached from the village of Washicli 
in the Turikho. These four deposits lie on the same line of strike 
and the mode of occurrence is similar. 

Tlie Tirich valley is formed along a line of fault running N. E.- 
S. W. On the northern side of this fault occurs a large mass of 
altered limestones and calcareous shales. The limestones are most- 
ly altered to marbles, but are in places still fossiliferous and contain 
well preserved Fusulinse. These marbles from bold craggy peaks 
which are almost inaccessible and at Wizmich constitute the boun- 
dary between Ohitral and Wakhan. Along the fault line, well 
exposed in the uppe; portion of the Tirich valley and continuing 
to the N. E., is a V-shaped body of basic intrusive rocks. On the 
south side, these abut on the shales and quartzites of the Sarikol 
series. The orpiment mines occur on the northern side close to the 
intrusive rocks and in the calcareous shales which are associated 
with the marbles. These shaly beds have been baked and altered 
by the intrusions. 

After describing the deposits listed above. Tipper states that 
it is not easy to assess the value of the orpiment deposited. To 
put the older workings into order would be a long and probably 
expensive process and is only possible under the competent supervi- 
sion of a trained mining engineer. It is doubtful whether the 
results that mi^t be so obtained would be worth the expense 
entailed. The future success of the orpiment UDunes seems to lie 
in a discovery of untouched deposits by future prospecting. Tipper 
felt con^deut that there are other deposits awaiting discovery in 
the localities he mentioned. 



N. W. Fi P., Asbestos and BuMinff 8^ones. 


Asbestos. 

During his survey of the Shislii Kuh, the valley forming the 
geological continuation of the southern portion of the Ohitral valley 
below Drosh, Tipper found large masses of 
basic igneous rocks in many places converted 
to serpentine. A white asbeatiforin mineral has been formed in 
veins and cracks in the serptmtine. In spite of a very thorough 
search, no deposit of any size was found. Such asbestos as was 
noted was harsh, brittle and of poor quality. 

I noted small veins of slip-fibre chrysolile asbestos in limestone 
near the junction with an intrusive epidiorite on the side of the 
road from Ohar Bagh Fort (34** 7' : TT 7') 
y er gency. Khyl)er Agency to the Kafir Kot Piquet 

post. The material was highly weathered and was of no economic 
value. 

Masson states that he procured speciinens of asbestos from 

South w.ziri<i.n Kaniguram (32 31: 09" 51') in the Waairi 
country, but gives no further particulars. I could 
ascertain no knowledge of any deposits of asbestos whilst work- 
ing in South Waziristan ; but there is no reason why asbc'stoH 
should not be found in the basic igneous complex of North and 
South Waziristan. 


Khyber Afency. 


South Waziristan. 


Building Stones and Road>Meial. 

The chief building stone in the North-West Frontier Province 
is limestone or its altered product, marble. The marble of the 
Mnllagoii country in the Khyber Agency has 
******* been quarried for some years past and carted 

by motor lorry to a factory in Peshawar. From my various reports 
and papers in which I discuss thi<> question, it will be seen that 
I have advocated the preparation of the marble at the quarry instead 
of in Peshawar, as by this means freight will be saved. 

The following descriptive notes concern chiefly the Shahidmona 
(34® 9': 71® 17') marble, but will be equally applicable to some of 
the Kambela Ehwar marble. 

The marble is a pure, white saccharoidal stone, translucent in 
thin mnaana and equal in appearance to the Makrana marble of 
Jodhpur and Carrara marble. It has been worked suc^fsssfully 
into translucent ornamental vases and vessels, plates, etc., of great 
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beauty. It ban been used as an ornamental building stone 

(])o]isbed and unpolished) on a small scale in Peshawar for flooring, 
fire-places, etc. It has been used also for flooring with black 
slate from the quarries just over a mile south-west of Jhangira 
Road railway station (33° 67' 30* : 72° 12'). 

The Shahidmena white marble, sawn but not polished, costa 
about As. 11 per square foot in Peshawar; this may be compared 
with Makrana marble, also sawn and unpolished, which costs Re. 1 
to Re. 1-1 per square foot in Peshawar. 

Aftc^r being roughly dressed at the quarries, the Shahidmena 

marble was carted by motor-lorry along the rough MuUagori road 
for about 26 miles to Peshawar, where it was sawn in a factory 
installed by the Director of Agriculture and Allied Departments 
near the gmKls railway aiding. The blades used were of cold 
carbon steel, employing a cutting sand from a river-bed between 
Adina and Kalu Khan (34° 13': 72° 18'), near mile 15 on the Mardan- 
Swalii road. This sand contains a lot of felspar, which reduces 
its (tutting j)ower. The factory has since been sold to private 
int(‘re8ts ; but the (lovernment must be interested in the develop- 
ment of the marble industry along the right lines. In the past, 
V(*ry good quality wliite statuary marble from Shahidmena has 
l)e4*n used jmrely as a Imilding stone, instead of for ornamental 

statuary work for which it is admirably suited. When used purely 

as a building stone, R soon looses its whitti colour by the action of 
rain, dust and fumes in the atmosphere. There is abundant banded 
marble available at Lowwamena (34° 8' : 71° 19') in the Kainbela 
Khwar, which would s(*rve equally well as a building stone and 
could be used to avoid wasting tlie high-class statuary marble of 
Shahidmena. 

Latterly attention has been given to the marketing of chips of 
whit>e marble, whicdi are being sold at 14 annas per maund f.o.r* 
Peshawar. These have to be between one-eighth and one-sixth of 
an inch in size. A market has also been found for marble dust, 
that passing through a sieve with a 144-mesh to the square inch 
being sold at Re. 1-6-0 per maund f.o.r. Peshawar. 

Marble of gocnl quality also occurs at Maneri (34° 8' : 72° 28') 
in the Swabi tahsii of the Mardan district. Green and yellow 
eeiqientiuous marble of considerable beauty is also known to occur 
here, bat not abundantly. These coloured varieties form very 
handsomt) Stopes which take a good polish. The white marble 
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of Maneri \h of the saino nature at the Shahidmena marble, being 
a pure, white, saoeharoklal stone of handsome appearance. 

In Table 3, I give analyses of certain marbles : — 


Table 3. — Analyses of nuirUc frofn the A'At/ftfT, MardaUt JodJijMtr 

and Italy, 


numlMT. 

49;ia2 

49/4Hri 

49..47rt 

42/ri62 

— 



.... 

IVr 

002 

IVr iH'nt. 

0*00 

IVr «>nl. 

004 

IVr mit. 

046 

IVr c<*nt. 

irai^. 

tV.O.+A!/), . 

010 

018 

(Mk'i 

0-04 

Oil 

('aO .... 

r»4 iio 

r>4 40 

r>f»KS 

5608 

Ari64 

MgO .... 

101 

0-HH 


(»90 

041 

L(»hh (ill ignition • 

4:iM« 

4.'l«9 

i2‘CM 

4:i'2M 

4417 

t’.o, .... 


•• 

•• 

•• 

triirv. 

Totalh . 1 

1<MM9 

99 21 

98 86 

I<m76 


S|»«'i ilir ifravity 

‘^*72 

2 70 

2 71 

2-7:i 

•• 


40;4G:* Whitf 8a<'(<har<«i<lal iiiarLI*'. 1 <ih«t qunrry, Shiihiiltm'iiK, Miillngori nmntry, 
Khytrr Kniiilitr rruviiM***. 

49/M/i W *<a<'4 haniKlnl inarM<\ 1^ W. S. \V LowarriiiifiiA, KijiiiU'Ia Khwar, 
Mullaii^on muiitry, KiiyUr N*#rlh-\V«*sl Ki»*n»n eruvuir**. 

49/47.'* Willie iiiarlitr, Mniieri, SwaLi tuliHil, Manltin diHtrirt, Norih.Wesit l'*roiiiior 
1V>\ in**#'. 

42/.'»62 MMrbk\ Makrnna, .Lulliiiiir SStMte, linjiMitiiiiA. Marhti*. ('Hmira, Itiily. 


Marble of good quality also oc^ciirs in the ridge known as Gluindai 
Tarako (ivr IIV : 72 ' 25'), which forms part> of the boundary between 
tne Swabi tahsil of the Mardan district and the Buner tracd of 8wat. 
After an exhaustive examination, 1 concluded that possibly the 
largest quantity of statuary marble in the FrontkT Province will 
Ije found in the Gfaundai Tarako. 

The following are the results of the analysea of nine samples of 
the marble and dolomite of the Ghiindai Tarako ridge, selected 
during a thoiough inspection from south to north (Table 












Taule 4 . — Analyses of limestone, mayble and dolonvtte from (rhnjulai Taraho^ Mardan ami ^*rnt. 
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It will be noted from a study of the fipures in these tables that 
all the samples of limestone, marble and doh)inite from flhundai 
Tarako are of excellent quality ; in no cum does their silica content 
exceed one pc^r cent, or their combined iron and alumina 0*76 per 
cent. 

Tlie Uhundui Tarako marble has been worked in the past by 
local KhaUacks and taken by donke^fj to neighbouring villages 
such as Nawe Kalai (34" 13' : 72® 20'). Shekh Jana (34" 13' : 72® 21'), 
Spirikani (34^ 14': 72'^ 22') and Shewa (34" 15': 72' 21') to burn 
for lime. The <'ost of a /wr/. a heap of pieces of stmie of about 
four cubic yards (six feet long by six feet wide by tlircM* fec^t high), 
delivered in *Shekh Jana^ which operation apparcMitly takes one 

man about four days to compleO*, was quoted as lU. 7. To Nawe 

Kalai, but a mile further, the (*ost was sOifcHl to be Its. 10. as the 

operation takes six days. This indicates the primitiveness of the 
methods of extraction and transport so far used an«l it is obvious 
that the surface of the marble lias only bem scratc hed. 

The main peak rc'gion secuns to offcT the bc*st siti\s for cjuarrying. 
This area would liavc to be tc‘stc*d to how far marble* of good 
(jiiality goes up tin* hill. It seems probable* that n<‘an‘r the summit, 
the* marble is not so wc‘ll rccirystallised. The amount f saw of 
the Swat side* of the ridge*, would seem indicate that tin* best 
marble runs on the south-west, or Murdan, side. 

According to the IcKal workc'.rs, tlie largest ’si/j*il bloc.ks of white 
marble that can la* extraited would la* alauit two ti» llin*e, f<*<*t in 
length. This is a ilisadvantage when tin* marbh* is c|iiaiTied for 
statuary piirposc*s, though nt>t so inqiortant for minor Iniildiiig 
purjiosos ; but it is highly possible tliat as nijarrying procccals along 
the dip into ridge and Jitm<».spherie agencies h.AVc had no opportunity 
to accentuate the jointing, much larger l>locK's will be available. 

The Gliiindai Tarako marble is relatively fine-graincsl. It is 
generally somewhat finer-grained than .the* Sliuhidmeria and Karnbela 
rnarlde of the Khyber Agency and the Mniu'ri marble from the 
Mardaii district of the North- \\''*st Frontier Province, and much 
finer-grained than the Makran inarMc* (»f Jodhpur. Approximately, 
it is equal in grain-size to the Carrara marble of Italy, and is more 
suitable for statuary. b(?cause it is <*asier to cdiisel than the coarser 
marbles ; but fineness of grain would tend to make* it les.^ resistant 
to weather and therefore less suitable for c*xtc*rior work. 

* Sbeikh Jaaa in only atout 4| mildH of Ghiin-Ui Tarako. * 

B Z. 
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Tlio FrontifT Frovinro is oxcoodingly rich in deposits of lime- 
storu* of varyiii*^ decrees of jmrity. Much of the limestone is 
l)unit for lime, r.ff., at Nowshera, Ghundai 
l.lmeslonc. Tarako, Maneri, Kohat, €?tc. 

The follf)winp ('Fable 5) are pniviously unpublished analyses of 
.s])ee.imena of limestorne which I collected personally in the Baunu and 
Dera Ismail Khan districts #nd North and South Waziristan. They 
may be rej^arded as bein^; typical of the limestone generally available 
in inexhauhtible (juanlities in the North-West Frontier Province. 

Th<i acid volcanic rocks, which form the Karamar range east 
of Sliahbazghari (.‘14'^' 14' : 72'" 9') in the Mardan tahsil of the Mardan 


Road-mclal. 


district, offer abundant supplies of road-metal 
which could have extensive use on local roads. 


Mostly, however, softcT limestones are used. Other rocks used as 
road-mclal and building si, one include (*pidiorites, quartzites, sand- 
stone, shale, etc. 

Th(^ Attock slati's in the Nowshera tahsil of the Peshawar dis- 
trict have been quairied in several places for use as a building 
ston('. 1 visited the slate quarry in the hills 
on(‘ mile south-west of Jahangira Road rail- 
way stati(*n 37' : 72^' 12'), where the Attock slates have a 

main cleaviigf' dijqjing at between 75-8(F to the N. N. E. Slates 
have exlnnlcd from here ft»r use in various irrigation bungalows 
and for bdls in canals b^r the past 20 years. They have also been 
used in liotaing woik in (ioverninent House, Peshawar, and other 
buildings i»i Unit (ily. The cost delivered in IVshawar was about 
As. f) ])er sijiiure foot nr Rs. 30 per 100 square feet. Blocks up to 
six feet by two were (|uained. The slate replaces Chitorgarh slate 
jij l*tshuwar. which rests about As. 9 per square foot. The slates 
at Jahangira JRuul will never have mueb economic importance. 
Tiny will lu nsefnl for local building work, however, and there 
seems no reason why, when suitable, the local slate should not be 
us(*d instead of the <b*a?er Chitorgarh article. The cleavage planes 
of the Jabangira slate are not siieli as wdll facilitate the extraction 
of large blcM^ks whicli may be easily split up into thin slates of even 
thickness. 

Otiier slate quarries exist about a quarter of a mile south-west 
of Chasinai (33'* 57' ; 72"' 8'), and near Manki (33*^ 56' : 71'’ 58'), 
soutli r»f Nowshera, both providing a ligliter-grey type of slate 
than thV Jahangira quarry. All appear to be in the ancient Attock 
















22 


Records^ Vol. LXXV. Prof, Paper 2. 


slates, the exposures of which in the Attock district have been 
described by Cotter. The slates do not extend as far west as 
Jallozai (33" 65' : 71" 49'). 

The following building materials are mentioned Middlemiss when 
discussing the geology of the Hazara district. The gneissose granite 
largely developed in the northern and western 
azara atret. portions of the district splits readily into slabs* 
and is used locally for building. Triassic limestone is quarried 
near Abbottabad (34" 9' : 73" 16') and Hasan Abdul (33" 60' : 
72" 46'), and furnishes a good durable stone, but somewhat sombre 
in colour. Limestone suitable for the making of lime is widely 
distributed, especially in the “ Slate and “ Nummulitic zones 
The harder courses among the Murroe sandstones, found in the 
southern parts of tlu^ district, furnish an easily worked and fairly 
durable material. Some of the finely foliated schists are used for 
roofing purposes. Slabs of large size can be obtained, but arc 
from half to one inch in thickness. 

Wynne and Waage.n have suggested that the Attock slates 
might afford valuable roofing material. 

The ajgirine-arfvcdsonite-granitc, which crops out in the Mulla- 
gori country of the Khyber Agency, and forms Patigate Sar 
. . (34" 9' : 71" 22'), w^ould form a handsome 

building stone. 

Some of the more fissile varieties of the acid volcanic rocks 
forming the Karamar range in the Mardan district, referred to 
previously, arc quarried for building purposes. 
The quartzites in the eastern part of the dis- 
trict could possibly be. worked for building stone. The Buner 
granite, w'hich crops out in that part of the district adjoining the 
Buner tract of S.wat, generally cannot be suitably used as a building 
stone as usually it is not well jointed and it weathers rather easily. 


Mardan district. 


Chromite. 

A specimen of ehiomite 1 collected from three-quarters of a mile 
E. S. E. of Pai Khel (32“ 58 ' ; 69° DO'), near nule 64 on the Datta Ehel 
M..<k *** North Waziristan showed doubtful 

chromite in thin flakes m the thin section. 
The occurrence is of interest as the serpentine is presumably of the 
same age as the extensive serpentines of ttAlnnbia faw, which contMH 
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the richest chromite deposits in India. The surrounding country 
cannot at present be surveyed ; but when, if ever, the tribes have 
settled to a peaceful existence, a further search in the area seems 
justified. 


Cinitabar. 

Cinnabar has been found by Tipper in the sands of rivers in 
Chitral. The occurrence is of great interest, but not of economic 
importance at the moment. However, the 
importance of the mineral merits a search 
being made, with great care, for the parent lode of sulphide minerals 
as a deposit of cinnabar would be of great economic value to the 
State. 


Clays. 

Clay from the Shekh liudin whs tc*.sted in th(^ National 

(k'ramic Testing Lal)oratory, Stoke on Trent, and a report stated that 
the clay fuses Ix'tween and 161()X\ 

The report continued as folh»ws : — 


Bannu district. 


“ This clay could lx* included in the phiKtic Imll-clay tyiK*. exerj)! fiu* its liiali 
IKTceiitagc of iron. It is very n*inarkal)le that a clay with the )H'rct*niage of iron 
hIiowii by iJie analysiN do<'« not fire a red colour. It would lx* a useful clay lo 
eartheiiwaiv maiiufaeturors who de«irt»d to use a clay to a(Ul to the ordinary eatduMi- 
wane body ndxtim^ to produce the ivory tvfH* of body, ‘which is more popular at 
the present time than a white bwly. The clay gives a ndatively high |H're(jntage 
residue on lawning through 120*s, and it is fairly ecM’tain that sonu? of the iron 
eoni|x>und8 in the clay are letained on the lawn.'’ 


High up on the southern slopes of a v esterly trending sptir of 
Tumani (brndai, IJ miles S. S. E., of Paniala (32° 14': 70'' 53') 
occurs an argillaceous sand.stonc of variable 
disUict ^*"^*** hardness and composition whu’h I examined. 

It is one of the beds of Jurassic series of this 
legion. The National Ceramic Testing Laboratory staO'd that this 
‘ siliceous clay ’ could be used fi>r a third-grade fin*.-briek. 'fhe 
clay is reasonably clean and low in irrm, an<l these are commercial 
advantages in a clay for fire-brick product/ion. This clay was 
defonned at Cone 26-27, 1580°-1610 C. 

On the northern 8lopt*8 of the same spurs. 1 noted an nnctiious 
clay whieli whitens on drying ami exjM>siire, to air, ami is ilistincily 
more promising tliau the occurrence (h;sciib(d abov(!. iu 
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the Laboratory of the Geological Survey of India, showed that the 
clay did not fuse at ]400X\, but broke up on heating. This is, no 
doubt, due to the slight gypseous content. I made recommenda- 
tions for trial pits and sampling for the possible development of 
this clay, but nothing further seems to have been done. 

According to Middlemiss, clays occur in the Kagan (34"^ 47' : 
73® 31') and Konsh valley, which were tested in the Laboratory of 

u . the Geological Survey of India and found to 

Hazara district. , ii ^ i 

be suitable for use as china-clay. 

I inspecte<l a clay high up on the Besai ridge north of the Kliajuri 
plain, which was formerly mined and sold to the pottery makers 


Khybcr Agency. 


in Peshawar at about Ke. 1 per bag as an 
ingredient for their glaze. The following is 


the result of a test made on this clay on the Laboratory of the Geo- 


logical Survey of India: — 


Unwashed clay. Levigated sample. 


Colour unburnt . . Cream .... Light cream. 

Colour burnt . . . Lavender grey . . Lavender grey. 

Plasticity . . . Poor .... Moderate. 

Shrinkage . . . About 25 per cent, by . About 25 per cent, by 

volume. volume. 

UefractorincBB . . . Does not fuse at 14C0‘"C.» 1 >oob not fuse at 1400°C., 

but becomes porcella- but becomes porcella- 

nous. nous. Its appearance at 

• this temperature suggests 

that it is approachii^ 
fusion point, and it is 
doubtful whether it would 
be suitable as a fire-clay. 

Ramarks . Very gritty and Homewhat Mny have some use as a 

ferruginouB. Unsuitable filler where colour is no 

as a fire-clay, china-clay detriment. Would he 
or filler. May lie useful unsuitable for electric 

for glazed pipe ware. insulators. It may have 

some use for glazed pipe 
ware. 


A sample of clay found in the Kohat district was forwarded to 
the Geological Survey of India in April, 1937, by the Director of 

Kohat dlatrkt Agriculture, North-West Frontier Province, in 
order to obtain an opinion as to the suitability 
of the clay for the manufacture of porcelain insulators and fire-bricks. 
The clay was light grey in colour and had good plasticity. However, 
it decrepitated on heating and had no value for the manufacture 
of inaulatoza. It could be used as a cloth and paper filler. 
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Aooordiog to a r^rt dated the 19th June, 1935, by the Natio- 
nal Ceramic Testing Laboratory, North Stafb, Toohnioal College, 
M ^ ‘ ■ Stoke-on-Trent, England, on a sample of clay 

Msrdandbtrict Jahangira (33» 58': 72“ 13' 30') in the 


Swabi tahsil of the Mardan district. 


This clay is fairly plastic and will vitrify at Cone 8. It is remarkable, almost 
unique in its high content of steatite, probably aooompaiWMl by Dolomite. This 
clay is the only one of the three that is of {NMuible use in manufoc^ taring electrical 
insulators, but suffers from the objections that the fired ctdour is |>cH>r owing to the 
iron content, and also that the glazed article would have a tendency to craze, owing 
to the low silica content. This crazing tendency would bo prevented to a large 
extent by the steatite present, and if the fired colour is not a serious objection, 
the clay might bo worth a trial fired to Cone 8.** 

This clay was analysed by the National Ceramic Testing Labora- 
tory with the following results : — 


8iOj| 
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CaO 
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0*04 

Na,0 







e 9 


0*00 








9 9 


2*78 

Lose when calcined at SSO** C 




a 

t • 


1300 








Total 


00*86 


The analysis was made on the dried samj^Ie of the clay after the 
hygroscopic moisture had been lost at llO^C. 

In 1936, I was shown a clay a quarter of a mile north-cast of the 
eastern end of the bridge of boats across the Kabul river at Jahangira 
on the left side of the river, just above its junction with the Indus 
river. This clay appcari <1 to be part of a terrace of horizontally 
bedded river and ? glacial deposits formed, no doubt, when the 
Indus and Kabul rivers were dammed in the vicinity of Attock. 
This argillaceous material is of a vavre nature and is interstratiiied 
with beds containing gneissic and granitic pebbles of the same 
nature as those found lying on the Attock slates on the right side or 
the Kabul and Indus rivers. It is greenish and pinkish in colour 
and is at times sufficiently pure to be quarried and used a/f MtiUani 
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fnaUL It is marketed in Rawalpindi and other places for use oil 
the white boards the local school-children use as slates. After 
being mixed into a paste with water, and spread on the wooden 
* slates the latter are placed in the sun to dry. »School-children 
write on the * slates ’ with ink, which is absorbed quite well. The 
clay or shale is also eaten by pregnant women. 

Certainly this is not the same material as that sent to the Natio- 
nal Ceramic Laboratory, nor do 1 think such steatitic material 
exists near Jahangira east of the Kabul river. Elsewhere in this 
paper, however (see pp. 46-47), I have dcscril ed certain occurren- 
ces of steatite south-west of the Kabul river. 

An analysis of a Peshawar clay is included in the tiles of the Geo- 
logical Survey of India. The hwality where this clay was obtained 
is not given, but the clay was possibly a leviga- 

Pohawar district. 

Kajuri plain, which was purchased in the Peshawar bazar. It is 
said to burn light brown, to be a good fire-clay, and to have a possible 
use. in ceramics. 

A white rock, or clay, appears to occur in the hills between Kutmar 
Sar and Pre Ohal in South Waziristan. Specimens of country- 

w..>ri.i.n brought to me by Khan- 

Hodara were, biotite-granite ; and so there is a 
possibility that the white material, which shows up well from a 
distance, may be katflin formed as a decomposition product of the 
felspars of the granite. 

Poor-grade clays are, of course, used Iwally by the indigenous 
potter and in the manufacture of bricks. No figures of the amount 

General noles value so utilised are available. There 

seems little doubt, however, that an intensive 
search would result in the discovery of better-grade clays ; but 
whether these would be favourably situated for economic develop- 
ment is doubtful. 


South Waziristan. 


General notes. 


Coal. 

I do not think that the coal of the Uorc river in the Hazara 
district will be of economic importaiic(\ In my relevant report, 
„ . I Itave stated that there is no continuity of 

outcrop owing to numerous faults and earth 
movements ; the (]uality of the coal is very variable and usually 
poor ; the thickness of the seam is either variable or small, or has 
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a false appearance of value imparted to it by the presence of carbona- 
ceous material which is little more than shale ; and finally, the ooal- 
bearing sandstone is cither so kneaded up and crushed by earth 
movements, owing to its position between two hard limestones 
which have acted as crushers, as to be usually impossible of being 
worked commercially. 

The possible economic value of the Dore river coal deposits has 
been a point of interest to those concerned for a long time. A 
short history on the investigations is given in the “ Coal ” section 
of the Economic Geology Appendix to C. S. Middlemiss’ memoir 
on the geology of Hazara and the Black Motintain. Middlemiss* 
notes contain analyses and supplement the prelimitiary report that 
he had submitted previously, which was accompanied by a sketch 
st^ction showing the geological structure of the area. 

The chief earlier report was that by D. Morris, who was Execu- 
tive Engineer in charge of Coal Mines, North-Western Bail way. 
Morris stated that as early as 1883, it was found that the “ shale ’* 
should be utilised in lime- and brick-burning. 

One of the chief points of interest is the variation in the quality 
of the different specimens of the coal that were analysed. An 
anthracitic sample sent by Morris to the Geological Survey of India 
^showed a fixed carbon percentage of 86-20 and an ash pcrct-ntage 
of only 3-92. The first two samples sent by Captain AI»bot to 
Calcutta for analysis showed ash percentages ’of 18-75 and 21*76, 
with moisture percentages of 17-78 and 1-90 rcspctitively. How- 
ever, a representative series of .samples from mnir Jnswal (34'^ G' ; 
73° 16'), ol)tained by Middlemiss and Hiiri Ijal, showcil an average 

ash percentage in the first nine feet of 16-03 ; at the tenth foot, 

the ash percentage was 17-20 ; but below this, the average ash per- 
centage was 31-95. 

Morris’s report refers to the trial heading driven l»y the Public 

Works Department in 1888 that was abandoned later owing to an 

influx of rain-water. This is situated about IJ; miles E. N. E. of 
Dhamtaur (34° 8' : 73° 16'), on the left hand (south-east) side 
of the Dure river. About 1,000 maunds were extracted from this 
WTorking, of which 800 maunds were sent to Hasan AImIuI for trial 
as a locomotive fuel. The other old mine, known as Hewson’s 
mine from the name of the clerk in the Deputy Commissioner’s 
office in Hazara who prospected for coal and spent much Uine and 
money in the enterprise when on furlough, is on the right-hand 
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^north-west) side of the Dote river, about miles north-east of 
iDliamtaur. About 6,000 maunds of coal were extracted from 
Ucwson’s mine and used in Abbottabad for lime- and brick- 
burning after bt-ing made into slop-moulded bricks. 

Up to the time of the writing of Middlemiss’ 1896 report, ap- 
parently the P. W. D. and Hewson’s mines were the only trial 
efforts made to prove the Dot^ river coal. They were not successful. 

The chief point of intenist is the exact horizon of the sandstone 
with which the coal is associated. In my report on “ The Rela- 
tion of the Coal of the Surghar Range to the Boundary between the 
Kohat District of the North-West Frontier Province and the Mian- 
wali District of the Punjab ”, following Gee, 1 have placed the 
Makarwal coal stage as Lower Ranikot (basal Eocene). Middle- 
miss is correct in regarding the grey limestone of the Dorc river 
and Hazara as Eocene, making the coal stage higher than Lower 
Ranikot. His chief reason for this was apparently convenience for 
field mapping, for he states: — 

“ A dories of well-beddod grey limestones with, so far os 1 have seen, a complete 
absence of fossils, except extremely minute organisms, probably foraminifera, over- 
lies this M. Cretaceous band. Waagen and Wyime considered it possible that 
it might also be Cretaceous, but gave no definite reasons. In the absence of proof ' 
I have preferred to place the grey limestone with the Tcrtiaiios as the lowest bed 
of the Nutninulitic series, mure especially as, for reasons stated under the next 
heading, it is not everywhere easy to draw a line between the Grey and Nummulitic 
limestones, whereas the top of the orange Middle Cretaceous band is evetywhero a 
marked feature easily seised for mapping purposes.” 

However, my specimens of the grey limestone show abundant 
small forams and so there is no doubt that the Dore river coal stage 
is higher than Lower Ranikot, and so is not homotaxial with the 
Makarwal coal stage. It is interesting to note, nevertheless, that 
Middlemiss stated that he has little doubt that the Dore river coal 
is homotaxial with the coal of the Salt Range “ which is also foimd 
at the base of the Nummulitic limestone ”. He also states that 
the sandstone accompanying the coal is underlain by a coarsely 
pisolitic ferruginous band and in the event of the grey limestone 
being Cretaceous, this band 

“ would very reasonably represent the similar lock at the base of the Nummulitic 
scries at Sabathu and in western British Garhwal ”. 

It would appear that the only known occurrence in the North-West 
IVontier* Province of coal of possible economic importance is in the 
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Kohat di8trict, just north of the Baroch gorge, and near its junction with 
tlie Mianwali district of the Punjab. I recommended 

0 at ret extremely desirable that this coal 

should be proved ; and stated that if pmved, it could be worked by 
drifts from the Frontier Province side and transported by aerial ropeway 
to the Punjab side of the ridge. I understand that this potential 
coal area has been included in a mining lease granted, presumably 
by the Ijocal Government, to the Makarwal Coal Co. 

The outcrops of the <;oal in tlie neighbouring parts of the Punjab 
will be further delineated by the GtH)logical Survey of India in the 
U31I-40 field season. The residts of this field work will have 
some interest to the Government of the Frontier Province, as well 
as to that of the Punjab. 

According to Gt>e, the Makarwal coal stage is Lower Ranikot or 
V)asiil Tertiary in age. The stratigraphical seqiiem‘e is as follows: — 

11. Alluvium. 

1(\ Upper and Middle Siwaliks (Upper Tertiary). 

9. liower Siwaliks (Miocene) 

8. Upper limestones (Laki) 

7. Olive shale stage {'{ Ranikot) 

G. Lower limestone stage (Ranikot) 

5. Maktmml cml sUtge (Ranikot) 

4. Massive sandstone stage (? Cretaceous). 

3. Belem nite shales (Upper .lurassic-Lower Cretaceous). 

2. Upper Jurassic limestones. 

1. Variegated stage (Jurassic). 

From the field evidence, there seems little doubt that a dark 
red, pisolitic, haematite^ shale, or so-caIle<l laterite horizon, is sometimes 
developed at the expense of the c;oal, and there is a slightly 
irregular junction then between the sandstones of the basal Koc;eue 
Makarwal coal stage and the Cretaceous sandst^oiies. 

There is thus evidence of a ‘ break ’ between the Cretaceous and 
the overlying strata. 

According to Ge.e, the main Makarwal scam varies up to 12 feet 
thickness, but is usually from four to eight feet thick. It occurs 
at the base of the Makarwal coal stage ; and halLway up the 130 feet 
of “ bedded grey and variegated, fairly massive sandstones altemat* 
ing with oebreous, grey sandy shales with imperfect plants ’’ is a 


^(Eocene). 
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second, Thinner scam of coal and shaly coal about 1 to feet 
thick ut the outcrop **. It is only the lower, basal seam that is 
worked. 

A number of analyses of the seam are given by R. R. Simpson 
in liis paper “ Report on the Coal Deposits of Isa Khel, Mianwali, 
Punjab ”, and Gee discusses its quality in the economic section of 
his report, to which reference should be made. In addition, the 
following are the results of the analyses by Mahadeo Ram in the 
Ijal)oratory of the Geological Survey of India of samples of coal 
from the Larnshiwal and Simpson groups of mines collected by Gee 
and myself from trucks at the Makarwal Colliery siding. These 
may be ctonsidc^red Jis typical of the coal despatehed from the Colliery. 
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The general geological structure of the Surghar range is that of 
a fold-faulted anticline, the axis of which runs north and south to 
the east of the crest of the range. Generally the eastern limb of 
the anticline is either so faulted or has been so eroded away that 
little coal can be extracted. The western limb forms the main 
ridge and the coal seam dips at fair angles into the range. The 
anticline pitches south beyond Larnshiwal towards the Mitha Khatak 
gorge. 

On page 21 of his paper, Simpson mentions two seams, the 
upper one nine inches and the lower one three feet thick, occurring 
in the supra-Jurassic sandstones (Makarwal coal stage). He notes 
that the lower seam is 

of fairly good quality. Its outcrop crosses the Baroebi stream at a point about 
2 miles w&t of, and 300 feet above, Malla Khel. The dip at this point is to the 
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west at an angle of 46°. Traeed northwards from the ravine the seam rapidly 
thins to 9 inches, and becomes more stony and pyritous. Two miles further north, 
near Shaikh Xikka summit (.%990 feet), the supraMTurasstc sandstone is foumi 
crowning the range. The hand of coaly shales is present but the coal is frequently 
absent and never exceeds 8 inches in thickness.'* 

Plate 2 of Simpson’s paper is a misleading and inoorrect map. 
It shows the Baroch fuila as rising in the Baroch gorge and cut off 
totally by a ridge from the Maidan Baroch and Khora Baroch 
streams. It also shows the coal seams as cropping out entirely 
within the Punjab ; but his botindary line differs from that now 
shown on the latest one-inch map (See sheet 38 P/1). 

It will be seen that the coal seam does in fact crop out in the 
North-West Frontier Province by the “ H ” of “ SURGHAR ” in 
the Baroch gorge and to the west of jxiini 2,997 feet. The prominent 
peak 3,987 feet still further nortli is undoubtedly the Iiill “ Shaikh 
Nikka ” referred to by Simpson. Simpson’s Kiimple of coal No. 6 
is thus undoubtedly coal in the North-West Frontier Province. 
He notes 2 feet 1 in<di of coal and 10 inches of coaly shale and his 
analysis of a sample from the coal hand was as follows : — 

P«^r cent. 

. . . 5*20 

:i326 
:m‘27 
I6IH) 

. . . «-27 

# ^ 

Tdtai. . 

AkIi .......... Hrown. 

(’aking quality Oaken iMxirty. 

This coal would be of good quality apart from its sulphur content. 
Unfortunately a deep pool in the Baroch prevented Gee and myself 
from following up the gorge to the place from where the sample was 
taken ; nor could we drop down to trhe seam from above on account 
of the sandstone cliffs, so that the coal was not examined. 

Simpson has stated that the scam rapidly thins to nine inches 
as it is traced northwards ; and that towards Shaikh Nikka, the coal 
is frequently absent and never exceeds eight inches in thickness. 
However, it certainly seems wrorthwdiile thoroughly testing and 
proving the area between the Barocli and Shaikh Nikka ; and to 
enable this to be done, every encouragement should be given to 
mining companies and prospectors. The total cost of proving>tbe area 
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from the Barooh gorge northwards to just beyond the point 2,997 feet, 
wliich iH the most promising area, should not exceed Rs. 2,000 — 3,000. 

A small amount of lignitic coal occurs one mile east of Mira 
Kwand (32*^ 21' : 09'" 58') in the Spli Toi in South Waziristan in 
the carbonaceous shales which are part of the 
Soulh az zfan. Stage of the Spli Toi (Upper Creta- 

ceous) series. Picked pieces of bright coal which I collected gave 
a very small percentage of ash (0*66), but the occurrence has merely 
scientific interest. 

Agha Abluis mentions an occurrence of coal beyond the Pir Karal, 
a hill to the north-west of Kaniguram (32° 31' : G9° 5l'i ; apparent- 
ly no details are given. 


Chitral. 


Copper-ore. 

Tn 1921, Tipper had noted the presence of traces of copper as 
incrustations on cracks in the granite of Mirkanni at the foot of the 
Laorai pass in Chitral. In 1922, he found 
that this granite extends on both sides of the 
(Jlntral river into Afghan territory on the south-west. Associated 
with this granite are basic rocks }is dykes and segregation patches. 
The latter rociks are ofttm serpentinised, and wlien they occur as 
segregation patches, the granite in the neighbourhood contains 
copper pyrites, ofUm <lecomposed to carbonates. 

When al- Datta Kiiol Port in North Waziristan, I was given a 
specimen of impure euprit4% with inala<*hiti?, that was said to have 
been obtained from the Kpinrhilla Narai 
(32° 55' : 09° 49'), a few miles east of the Fort. 
The locality indicated the e.xistence of the possibly Tertiary basic 
igneous complex which 1 followed eastward over the Lwargi Narai. 
Detiiils of the o<'currence are wanting ; but it is interesting to 
re<!all that spt*cimens f>f calcite and chalcopyrite, with malachite 
staining, from the Shawal region, Uppt'r Tochi, were sent to the 
Geological Survey of India in 1928 for identification. 


North Waziristan. 


Dolomite. 

A boulder of white crystalline dolomite, found in the Zeran 
Tangi, a few miles east of Parachinar (33° 54' : 70° 6') in the Kunam 
Agency was forwarded to me by the Director 
of Agriculture in the Nortb-Weat Frontier 


KHrran^Agency. 
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Province. The Zeran Tangi here does not Imve a very large water- 
shed» and then' Re«'iiis little dt>iil)t that tlu* dolomite forma part of 
the ? Devonian linieatoue aeries noti(vd by Cotter in 1926. An 
analysis of the roek showed 20*42 p<T cent, magnesia. 

Some of the spiH-imens of white and grey marble, whic‘h I collected 
from the sontheni end of the hill Olnindai Taraki>, which forms part of 
the boundary l>etween the. Mardan district of the 
4lstrici and y^ontier Province ami Biiner tract of Swat 
proved, on analysis^ to be d«)lomitcs (see p. 18). 
The extent of the occurrence of dolomite amongst the marbles of 
this ridge can only be gangeil by extensive sampling in the field. 
It is possible, however, tliat a little search will indicat4' the existence 
of bands of relatively pun* dolomite in commercial cjuantity. 

Fluorite. 

Fluorites was found by Tipper l)e associjitcd with realgar and 
oipiment at Mirguslif tiol in the Tirirh valley in 
Chitral. (.hitral. Tin* dep<»si< has mineralogical 

intxTCst, 


Gold. 


Hazara district. 


No oconrrences in commercial (piantity of gold in nefs 

in the North-West Kroiflier Province are 
Recf'Kold. , 

knowTi. 

When I was at Abbot taharl in April, I9in, 1 was informed that 
gold occurs in the reefs near Tarbela 7' : 72“ 49') on the 
Indus river in the Hazara clistrict. I prefer 
to disbelieve this until J have seen actual 

sjKicimenM : but it- wotild apjiear that a .se arch eoiild be jinwh* in this 

locality for auriferf)us reefs. 

Gold also occurs ifi small quantity in a pyrit/ous mineral associuted 
with a mineralisi'd limestone iie4ir (‘bar Bagb Fort (34® 7' : 71® 7') 
in the Khyber Agency ; but the occurrence 
«r sency. Hniall amcnint that it likewise has 

merely mineralogical interest. 

Gold definitely occurs in certain of th(‘ licid volcaiuc rocks north of 
Injan Dheri (34® 14' : 72® 17') in the Mardan district, but in very 
small quantity. The*, quantity is less tl^aii 0*3 
grains per ton and m the occurrence has 


iVlardan dUtrlct. 
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merely mineralogical interest ; but is interesting in suggesting a 
possible source of some of the alluvial gold of the Kabul river and its 
tributary, the Kalpani waia, which has been washed in the past. 

The following occurrences of alluvial gold have been listed in 

my paper on gold in the North-West Frontier 
Alluvial gold. • 

Province. 


Tn Chitral, gold-washing has been carried on from time immemorial, 
but it lias been neglected during the last few years. Gold-washing 
is a State monopoly, and the workers perform 
their task in return for the small estate they 
enjoy, nevc^r exerting themselves to a great extent. No furtbor 
cess or toll is levied on the gold. During the summer months, the 
Chitral river is in flood, covering all the sands on either side ; and 
in the winter months, the water is too cold to allow work to be done. 
The result is that the working months for gold-washing are only 
from the middle of September to the end of November in autumn, 
and from the middle of March to the end of May in spring, i.c., a 
period of about five months annually. The only tributaries of the 
Chitral river which carry gold are the Reshiin Gol, Kuragh Gol and 
Homan Gol, all of which rise in the Phargam mountain. This 
area was visited by Tipper who traversed the Golen river and 
descended by the Reshun Gol to the Yarkhun (Chitral) river. He 
mapped the Phargam mountain as ‘‘ granite, gneiss, etc.”, and 
states that tlic typical Mirkhanni granite passes laterally through 
diorite into a doleritic trap rock. It would appear that the gold 
in the Phargam mountain which is responsible for the gold in the 
three named tributaries in the Yarkhun river, is in disseminated 
state through the igneous rocks forming the Phargam mountain 
complex ; and it is extremely unlikely that one will be able to spot 
the source of the gold, or that the Chitral gold will ever be worked 
except when nature has concentrated it in river gravels. 


According to C. S. Middlcmiss, gold is washed from the gravels 
of the Indus river above Lalogali (34° 16' : 72° 50'), near Kirpalian 
.. .. (34° 17' : 72° 51'). It is interesting to note 

azara zrc classic book on gold, Maclaren 

states that above Attock, and in the upper waters of the Indus, 
and in the Alakananda, are small gravel banks that were even then 
(1908)^ worked. Much of this gold, he states, is probably derived 
{lam the Tibetan plateau, since many of the Indo-Gangetic streams 
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Mardan district. 


have pushed their way through the main range and captured some 
of the drainage channels of that region. 

Some of the belas or islands in the Indus, which are worked fiom 
time to time by the indigenous gold-washers, are partly in the 
Hazara district and partly in the Mardan district. 

According to A. B. Wjmne, gold-washing is carried on during the 
rains in the Ten Toi near Banda Zartangi village (33® 17' : 71® 32'), 

. the practice being responsible for the name of 

Kohat district. -n riru r xi. i j • 

the village. The source of the gold is 

unknown, but I suggest that one or more of the conglomerates in 

the Siwaliks drained by the Teri Toi in some of its upper reaches is 

auriferous. Wynne also state,s that stream gold is washed in the 

Indus and that platinum is reported to occur with it. He adds 

that gold is washed for in the Eurram river. 

In my paper on gold in the North-West Frontier Province, I gave 
details of Colonel Noel’s experiments with the gravels of the Indus 
in the Mardan district. From these and later 
experiments we conducted together in April, 1939, 
it does not appear that the gravels of the Indus between Tarbola and 
the Attock gorge are likely to contain alluvial gold in suflGcient 
quantity to be worked on a commercial scale. At present the 
gravels are worked sporadically by the indigenous gold washers in a 
primitive fashion. If sluices were used, the yield would be much 
greater, but even then the deposits are not rich enough to work exten- 
sively. 

The gravel is collected in wooden bowls called jmllais. Each 
howl holds about half a cubic foot of gravel.^ Thirty pallais arc 
taken to the natm, a wooden tray 3 feet 6 inch(?H long, 1 foot 
10 inches wide, inclined at 1 in 8, where the bigger stones are screened. 
Small stones about the size of an orange are placed at the lower end 
of the naim to prevent the sand being washed out. The smaller 
sand falls on to the natm and wben^this is full, the sand is washed 
until about a cupful remains. This is mixed with mercury equal 
to a small pea in size. The sand is again washed until the pellet 
of mercury is left ; but when there is still about a table spoonful of 
sand left, the mercury and sand are well amalgamated. The 
pellet of mercury is then wrapped up in a piece of cloth and about 


^Actually the results given in this and the BU(X)eeding paragraph require some 
modification. When Colonel Noel and I <‘ODducted our experiments in April, 1930, we ' 
fouiul that the gold-washer.^ more usually placied about one-fifth of a nnbio foot, and not 
one-half of a eufuc foot, of sand and gravel in each pallai they took, • 

c2 
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half fchft niercury is squeezed out. The remainder, with the cloth, 
is th(‘n liurnel o»i a f<*w live embrs. The gold emerges as a nodule. 

About thirty pallais, equal 15 cubic fc»et of gravel, were washed, 
giving three-(|uart<‘rs of a ratah of gohl.^ Four to five nav*as are 
washed in a day, i.c., approximately C7 cubic feet of sand and graveh 
At the time of Colonel Noel’s experiments, a ratah of gold was worth 
about Rs. 0-5-0^, and so, taking the day’s workings of the gang as 
about six ratahs^ the value of the gold won daily was Re. 1-14-0. 
If the yield fell to one ratah per diem, then work was abandoned as 
being unproductive. The highest yield obtained from a day’s 
working was four washas^ or 32 ratahs. 

Gold-washing is carried out occasionally in the Kalpani nala 
south of Mardan (*34° 12' : 72° 2'). T have referred above the 
possible source of that gold. 

Perhaps the most interesting njsults of Colonel Noel’s earlier 
experiments were that certain of the gravels of the dry tributaries 
of the Indus river below Attock contained a 
es awar s r c . quantity of gold than the gravels of the 

Indus itself. Colonel Noel sent a sample of sand and gravel from the 
dry ravines leading to the Indus river some three miles below Attock 
to the Geological Survey of India, Calcutta, for examination and 
report'. This proved to contain 18-8 grains of gold per cubic yard. 
This averages less than 2 dwts. per 3 tons of alluvium, whereas 
it at jiresent only gays to work 2 dwts. per ton of alluvial ground 
on a large scale. It seems possible that these ravines below the 
Attock bridge may be worth prospecting thoroughly. 

It would appear that the sample from the dry tributaries which was 
sent to the Geological Survey of India in Calcutta was obtained from 
near Darwazai (33° 50' : 72° 14'). It is understood that the Indus 
river has never been near the sib» of the gold-washing experiments 
in these dry ravines, and so it is impossible for the. auriferous sand 
and gravel to have been derived from the Indus river in its wander- 
ings. Accordingly, it would appear that these sands and gravels 
have been derived from the denudation of the Attock shales and 
slates which continue across the Indus from the Attock side, where 
they have been described by G. de P. Cotter, who remarked that 
quartz veins are very conmion in these rocks. I noted the frequency 


' 8 rataha^l masha ; 12 taia ; U6 ratahs or 1 tola *=180 grains ; 1 rnlnh^ 

1*875 grains ; 24 grains^al dwt. ; 20 dwt€«=] oz. 

* luarKet price for Indus gold was Rg. 30 per iola or Be. 80 per oz, (Troy), 
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of quartz veiua ’when cxamiaiug the steatite deposits along a fault- 
line in the Attock slates near Kund (33'’' 50' ; 72“ 14'). It would 
appear, therefore, that some of the quartz-roefe in the Attock slates 
in the hills west of the Indus below the Attock bridge may be slightly 
auriferous. 


It may also be noted here that gold-washing is occasionally carried 
out in the Kabul (Laudai) river near Nowshera (34“ O' ; 72“ O'), 
near the junction with the Kalpaui ndta. 'fhe source ol this gold 
may be the very slightly auriferous, acid volcanic rocks referred to 
previously. 

According to H. (J. Raverty, quantities of 
Swat and (illgit. collected in Bajaur and Swat : 


‘They adopt another inode than washing the sanils of tlie river, l»y half 
burying ehcep-akins in the beds of the stieanw, allowing the wool free play and in 
this the particles of gold become entangk'd. 1 am told by the Afghtiiis of tln'se 
l>arts that the gold thus obtained is of a much paler yellow than that seen in the 
Punjab and in India, being almost straw colour. 

In the Oilgit valley, and that of Uumd, mid Nagyr. which ojieii into it from 
the north-east, and also in Little Thibet, the oiv i.s princii>ally obtained by washing.’ 


Ebewhere he says that no gold is found in the Swat river or its 
BingHar tributaries, unless it bo at their sources. 


Graphite. 

In hb account of the geology of the Khyber lulls, (Iriesbach 
has noted a metamorphic series, of possible C'arlioniferous age, 
w'hich conttiins graphili layers. The meta- 
Khyber Agency. jn„rp]iic scries occurs aor<h of the 'I'or Sapper, 
lie states that lavender-coloured clay-shales, with lieds of bituminous 
aluin-sbales, form several distiuet horizon.s, which contain numerous 
layers of graphite and graphitic shale's. From niy inspection of 
thi'sc near Shahidmeiia (34“ 9' : 71“ 17') and cast of Lowaraiueua 
in the Mullagori country, the oecurienei’s do not ai»is’ar to have any 
economic value. 


Gypsum. 

A zone composed of alternating bands of dolomite and g)^8um, 
Oera Itmail Khan ^0“ ^^0 ^ ft-®*- thickness, was noted 

district by Wynne in a cliff section neat Baiduwali 

(32“ 12' : 71“ 6'), at the southern end of the Kha-tor range. 
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Plates of seleoite also uccvir in the Jurassic clays exposed on the 
southern scarp of the Sheikh Budin hills near Paniala (32‘’ 15' : 
70° 56') ; and at the base of the same scarp an exposure of the ‘ salt 
marl ’ was observed by VerchSre, with some massive beds of g 3 ^um. 

A band of gypsiferous shales, alternating with beds of limestone, 
occurring at the base of the upper Nummulitic group, was traced 
by La Touche from the Toi river in the south of the Shirani country 
to the Zao defile in the north, a distance of 24 miles. In a measured 
section at Zor Shahr (31° 42' : 70° 8'), about the centre of the band, 
12 beds of gypsum were coimted, varying in thickness from a foot 
to 11 feet 7 inches, with an aggregate thickness of 50 feet. Nodules 
of gypsum also occur in the associated limestones. From my own 
inspection of sections in the Shirani country, I am on the opinion 
that the reserves of gypsum here are large. 

The occurrence of gypsum, forming beds or veins in the slate 
scries, lias been recorded by Middlemiss. An isolated small exposure 

„ „ , was noted at Dowatta (34° 17' : 73° 30'), 

Hazara district i xv j- i.- i. r t j 

and the discontmuous outcrop of a bed or 

vein between the villages of Bijora and Bari-ka-Bugla, passing along 

the east slope of the hill marked 6,462 feet (34° 10' : 73° 30'), where 

it reaches a thickness of 100 feet. 

An important development of gypseous beds in the np^ier portion 
of the Eocene nummulitic series has been described by Wynne. 

The beds are exposed in all the ridges extending 
® from the neighbourhood of Bahadur Khel 

(33° ir : 71° 1') eastwards to the Indus, covering an area of about 
50 miles in length by 20 miles in maximum breadth. The gypsum 
occurs in discontinuous masses, which occasionally attain a thick- 
ness of at least 200 feet, and is associated with bands of clay, and in 
the lower portion with black shales strongly impregnated with 
petroleum. The colour is usually white or grey, but sometimes 
deep red, owing to the presence of iron. 

Thick beds of massive white and light grey gypsum overlie the 
salt' bearing marl. According to Gee, the quantity available is, 
from a commercial standpoint, unlimited. He adds that minor 
quantities are also associated with the Upper Nummulitics, though a 
massive outcrop occurs near Panoba (33° 37' : 71° 54'). 

Gypsiun is used for the manufacture of plaster of Paris, stucco, 
and various kinds of wall plasters and cements. In the tin plate 


Kohat diilrlct. 
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industry^ gypsum is used for polishing the plates; and it is 
General notes added to water to give penuanent hardness in 
brewing. The coarser grades of gypsum are 
used as fertilisers. At present the Frontier Province’s resources of 
gypsum are untouched ; and it seems that attention could profitably 
be directed to the utilisation of this potential economic mineral 
which occurs in abundance in the Dora Ismail Khan and Kohat 
districts. 

Iroii-orc. 


Bannu district 


Raveiiy and Oliver mention the occurnmee of iron-ores in large 
(juantitics in the valley of the Panjkora river, especially, in Uaraiil 

Baiaur Jandawal hills. The iron 

is exported to Kabul, where it is said to bo 
gri'atly (esteemed. The ore is believed to be magnetic iron sand. 

Iron-ore is said to occur in alnmdanc^e among the hills to the 
south-east of Bannu (33° 0' : 70° 40'). The metal is worked up 
at Kalabagh into nails, cooking utensils, etc. 
The ore appears to be an earthy hematite. 

Tipper noted abundant hematite in the tpiartzites of the Chitral 
slate series, half-way between Sanoghar and MasU^y on the bank of 
the river, the talus slr)pc8 here consisting of 
’ hematite-quartzites. Without fuel and at 

such a distance from any large centre, th<^ iron-ores can have tittle 
value except in so far as they may be of local* use. 

A band of earthy, concretionary or pisolitic her»iaiite, associated 
with felsitic bri?ccia, was oI)served by Mi<ldlemiss on the north-east 
spur of Sirban Hii! (34° 7' : 73° 16'). In 
azara srtt. places the l)and consists of good earthy hema- 
tite, five to six feet in thickness, which would be useful as an ore if fuel 
were available. 

Smith noted the occurrence of * concretions of very pure soft 
hematite in Middle or Lower Eocene sandstone beds at Miran Shah 
in the Tochi valley in North Waziristau. The 
quantity available is said to be sufficient only 

for local needs. 

1 noted beds of slightly manganifetous limonitic iron-ore near 
Malik Shahi, west of Kotkai (32° 24' : 70° 2') in South Waziristan, 
^ , in what arc probably Laki shales. The 

amount is indefinite, the ore is poor and there 
is no good fuel nearby to work this ore. * 


North Waziristan. 
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I iilw) T)okj(l abundant ferruginous concretions nwir Mangora Sar 
and Bobalai, east of Lad ha Camp, in the Mangora Sar shales of the 
Janjal Plant series. I'he indigenous iron-workers of Kaniguram 
III' : ^>9"^ 51') and Makin have possibly used these concretions, 
tiogcdher with tin; Kotkai lirnonitc^, as the source <»f some of their 
iron-ore ; but the concretions also havcj no coinuw^rcial value. 

The, jmijinfactiire of iron at KanigiiraTii has been described by 
Aglni. Abbas ajid Verchere. The latter observer stakes that the 
ore is ;i highly ferruginous shale, occurring lieneulh nuiniiuilitic 
liiiiestoiif^, and tliat afiparently limestone is used as a flux, though 
Ihe actual operatitui of smelting was not witnessed. Specimens of 
the or(‘, collected by Stewart proveil lo Is*. calcar(H)US limoniki, 
containing from 31*8 to 40*4 per cent, of metal. 

Lead-ore. 

TippiT noted a deposit of jamesonite, a sulphantiinonit-e of lead, 
live miles south of Awi in quartzite abutting on a high ridge of 
white crystalline linnsstones, whicli are strongly 
siliceous and partly iloloinitic. Attempts 
have been made, k) utilise the mineral locally as a source of lead, 
but without ajiy great sue, cess. Unfortunately, unless thcirc is a 

considerable percentage of silver in the ore, jamesonite is not used 
as a source of antimony. 

Galena, the sulphfdi'. of lead, is randy found alone in Chitral, 
being usually accompanied by blend, pyrites, jamesonik*, etc. 
Tipper noted galena at the following loealities ; the ridge between 
Shot and Shagram ; tlie ridge between Dhoni and Gokshal, 
up the Chitral Gol ; IJ miles up the Galuret Gol ; near 
Yakdey ; and near Andragiiach. Witli the oxeeption of the first, these 
deposits are small and irregular, the galena occurring at patches or 
scattered crystals in quartz or other iniiKTals. The deposit between 
Shot and Shagram has been mined ; but many of the old piks are 
now obscured. The vein, which carries pure gahuia, runs paralhd 
to the strike of the. shales and has a dip e.oiTevspondij)g to that of the 
shales. This clip is high,. 57"^ to the S. S. E. The excavation 
shows that the vein is variable in thickness from 2 inches to 18 inches^ 
the mineral occiuTing in a soft calcareous clayey matrix which is 
easily excavated. The pit seen had been carried down to a depth 
of 60 feet on the dip. The amount of material available is so small 
that it can only have local value. 
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Zinokenite, another lead anlphantiimonite, has recently Imdcu mined 
and exported from Chitral (sue Table '2, p. 11). The mineral is 
supposed to occur at Shaghor and the mining lease is held by a 
Mr. Parekh. No further details of the occurrence are available. 


iVlaiiganc$e«ore. 

Tipper in 1921 noted in liasic- patelies «>e«'.iirriiig as segrugaliuns 
iuul dykes in the Mirkhauni grauib^ in ('liitral, near the village of 
Darnel, masses of a soft black mineral which 
proved on examination to bn manganese-ore. 

A bud of flattened concretionary nodules, (»)nsistiug of liinestouc 
impregnated and partly replaced by manganese oxide, was found 
in 1906 by Amin Khan, a student at the 
Cawnpore Agricultural College, on the western 
slopes of Tajut Hill (Taghoot Sir; 33“ 31' : 71° 12'), two miles to 
the south of Ibrahim Zai in the Kohat district. 


CMtral. 


Kokat dbtrict. 


Mica. 

The Geological Survey of India were, recently iurornuHl that an 
application had been made for a lesise l,o mine mica and beryl from 
a small area near Giddarpuf (34° 28' ; 73° 8') 
Hsxara > cl. Hazara district. Details of the occur- 

rence are not known, but it is [»ossible that tlie area will b(! visited 
by the Geological Survey of India in the l'.*.’.5:-40 field season. Thewt 
is no reason why workable deposits of mica sbould not be found in tint 
pegmatites accompanying Hazara granite, though such have so 
far not been met with. 


Mineral Waters. 

'I'liere are iunuinerabie springs tlirougiumt |.|ie North-Wejit 
Frontier Province ; but 1 know of none which has special iniut^ral 
contents. However, by bringing the matter to the attention of the 
district and State authorities concerned, and by analysis of samples 
of various waters, much useful information can be obtained. A 
survey of the mineral springs of India will commence in the 1939-40 
field season, and in due course the springs of the Frontier Province 
will be examined and reported upon. 
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Nickel-ore. 

In the counsc of a preliminary traverse through North Waziristan, 
I colhicted a Hpecimen of serpentine from three-quarters of a mile 
E. S, E, of Pai Kbel (32® 58' : 69° 60'), near 
or< az r s an. ^ Datta Khel road, with a 

“ l>loom ” that was found to contain nickel. The specimen does not 
indicate the occurrence to have any economic value. It was also 
tested for cobalt and chromium with negative results, though a thin 
section of the serpentine showed possible chromite in minute flakes. 


Chitral. 


Kohat district. 


Ochres. 

'file dccoinjtosition of the pyrites in the Sankol shales lias led 
bi the formation of small deposits of red and yellow ochre, 'fhe 
latter occur close to and along small springs. 
These deposits are used locally as colouring 
jnaterial, but Tipjier states that they are too small to have any other 
value. 

Oil-shale. 

Oil-shale occurs in the Kohat district at Bands Daud Shah 
(33° 10' : 71° 11'), Dharangi (33° 16' : 71° 13') and Kark (31° 7' : 

^71° 6'). As a result of my examination of 
these, I concluded that if one seeks a source 
of fuel — carbonaceous or petroliferous — in the North-West Frontier 
Province, one must turn elsewhere than to the oil-shales of Kohat. 
I added that even if the oil-shales were of possible economic value 
in view of modem methods of low temparature carbonisation, the 
structural conditions under which they occur arc such as to preclude 
any attempt to' mine or quarry them on a conmicrcial scale. 

There are two bauds of oil-shale cropping out along the right 
bank of the Tarkha Algad, north-east of Kark, interbedded with 
massive and thin-bedded gypseous shales ; the upper band is 
some ten feet thick, and the lower band thicker, but only the upper 
four feet seems to be bituminous. This ? Laki oil-shale and gypseous 
scries occurs just above the salt marl and it is very contort^. The 
same sequence can be traced westward to the salt mines north-west 
of Kark. A sample of the oil-shale sent by the Director of Agri- 
culture? gave 38 gallons of crude oil per ton of shale and the tar of the 
crude oil gave a yield of 6*13 lbs, of ammonium sulphate per ton of 
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shale, the yield of tar and ammonium siilphate being low compared 
with specimens from Assam. 

Two bands of oil-shale, associated with a gypseous series, and 
ocourring just above the salt marl, were noted in the Dharangi 
stream after passing the Kirthar limestone, which is faulted against 
the ? Ghinjis south of the hills. Here, also, the beds are very con- 
torted, though, as at Eark, oil-shale can generally be seen along the 
stream course owing to undulations and puckering of the strata. 
A sample of the more carbonaceous shale gave 8 gallons of crude oil 
of specific gravity 0’88 per ton of shale, equal to 3*2 per cent, of 
crude oil by weight. A second sample from higher up the stream 
gave 0*9 gallons of crude oil per ton of shale. Further upstream 
still, I noted the oil seepage described by Pascoe ; this is higher in 
the sequence than the oil-shales mentioned above, but the structure 
of the rocks is not such as to indicate, any possibililios of finding oil 
here in commercial quantities. 

Five furlongs E. N. E. of Banda Baud Shah, in the Laki series 
immediately underlying the Kirthar Nunmmlitic Limestone, 1 noted 
oil-shale associated with (sontorted, massive, thin-bedded, gypseous 
slialcs north of the E. W. fault which separates the Lower Eoexsne to 
the north from the '{ Ghinjis to the south. These are the same 
rocks as at Dharangi, the strata, however, being interrupted through 
faulting and other causes. A sample of the oil-shale gave 17*9 
gallons of crude oil of specific gravity 0*90 i)er*tou of shale, equal to 
7*2 jier cent, by weight of crude oil. 

Petroleum. 

/Vs far as is known at present, there is nothing to indicate that 
petroleum occurs in sufficient quantity in the North-West Frontier 
Province to b® worked cohuucrcially. Three 

|gmdl"Klun*dlitricl(*'^' drilled by the Indo-Burma 

Petroleum Go., Ltd., on the northern end of 
the Marwat range, eight miles west of the Kundal (32** 35' : 71** 16') 
seepage. The first well was abandoned and plugged at 3,662 feet 
and no oil or gas was encountered. The second well was abandoned 
2,410 feet and no oil and gas was encountered. In the third well, 
again, no oil or gas was encountered and the well was abandoned 
at 2,614 feet. 

In the continuation of the Trans-Indus range to the west of Pezu 
(32** 18' : 72** 42'), a conskierablc gas seepage occurs at the faulted 
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crest of ail anticline in Siwalik rocks. However, the usual source 
rocks of tlie oil arc believed to be absent in this region, and the gas 
may be associated with lignitic deposits of Mesozoic age. 

HampltiS of oil from Mughal Kot (31® 27' : 70® 5') in Shirani 
country were examined in Calcutta and pronounced of excellent 
(juality. However, the prosp<!cts of obtaining oil in paying ijuaii- 
ii(i<‘s are coiisidfued unfavourable. 

Test wells have lieeii drilled uusucecssfully 
Koluil disiricL near Panoba {^V^^ 37' : 71® 54') in the Kohat 
district. 

ICv(»ry possible assistance should Ik; given by the Local Govern- 
ment to compani(;s of good standing which wish to prospect and 

. prove the petroleum resources of the province, 

(ieiieral notes. ^ •• i i i v 

It 18 quite possible that geophysical means oi 

[irospiMJting may lead to the discovery of structures l)eneath the 

alluvium which an; suitable for th(; retention of oil and gas. When 

tlnise an; discov(*n;(i and it is desired to ti;8t them by drilling, 

every possilde (;ncourag<;ment should be, givini for the successful 

prosi;cution of this work. 


Platinum. 


A. B. Wynin; staU'if that platinum is reported to occur with stream 
gold washed in the Indus, ? in the Kohat 
district ; but no details arc available. 


Kolial dlslrict. 


Precious Stones. 

While ill Ohitrul, Tipper discoverwl thut a large area in the western 
part of the State, forming the high ground between Afghanistan 
(Kafirstan and Wakhan) and Chitral, is com- 
posed of gariH‘tifor*)Us and chiastolite-bearing 
sebisis witli large nmsst's of granite intrusions. These intrusions 
an* variable in size juid mode of occairrence, and are generally linc- 
gi'ained. The intrusions sometimes occur parallel to the planes of 
sehistosity, but at other times cut throagh the schists at all angles 
converting the mass into a breccia on a large scale. In one of the 
coarst't intrusions at Smvigh-o-gaz (12,000 feet), a sommei graziivg 
ground or the road from the Lutkuh to the Arkari, beryls occur. 
A few beryls of poor quality, white and badly flawed were seen 
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in situ. In the. sandy debris below the rook, poo 1 hexaponal crystals 
can be found in considerable quantities. These are of very pleasing 
colour, the majority being rather biully craeke*! and ('ontaining linos 
of iuclu.sions parallel to the basal cleavage. Some of the specimens 
are, however, almost of gem quality and the locality is worth further 
prospecting. 

In Chitral Tipper also found that garnets are widely developed 
and occur in the banded gneisses, in gametiferous schists and in the 
granitic rocks cutting the latter. Many of the gamete are of 
pleasing colour, but arc usually too flawed to be of vtiluc as gem- 
stones. 

Application was recently ina<lc for a mining lease for the extrac- 
tion of beryl, as well us mica, from a small area near (liddarpur 
(34° 28' : 73° 8') in the Hazara district, 
aura s c . Though no further details are at present avail- 
able, it is hoped that this locality will be visited by the Geological 
Survey of India in the n(;{{)-40 field sejuson. 


Salt. 

The salt of the Kohut distrust is being developed by the Northern 
India Salt Department ; and presumably the amount prrjdiu'f'd is 
K h dl t let regulated by the requirements of that D<spart- 
ment and arc controlled ‘by various factors 
entailing a consideration of output on an all-India basis. 

According to La Touche, allusion to the existence of extensive 
beds of rock-.salt in the district was made hi 1843 by Aglia Abb.as 
and later by Verch^re and Oldham ; btit it was not until the year 
1874 that an adequate description was published. In tlmt y»far, a 
report by Wynne and Warth was drawn up, giving a complett; 
account of the geology of the region a’nd of the economic development 
of the salt. 

The rock-salt occurs in beds of gre.at thiokneas, measuring in on<; 
instance at least a thousand feet, at a single distinct horizon over- 
lain by nummulitic limestone. The beds of rock-salt are exposed 
in the axis of a series of narrow, elliptical, anticlinal folds, so that 
the outcrop is never -continuous for any great distance. The salt 
is of great purity and differs from that of the Salt Range in being 
greyish in colour and not possessing a reddish tint. • 
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The salt occurR at Jatta (33^ 19^ : 71^ 170> Bahadur Ehel 
(33*=^ ir : 70® 57') and Kark Kharak (31® 7' : 71® 6') on a scale 
sufficient to supply the local demand, including export in the Trans- 
Frontier tract and Afghanistan. According to Gee, the annual 
output from these three places is about 21,000 tons. Figures for 
the production in the Kohat district are given in Tables 1 and 2 
on page 11. 

At all three localities, the salt is worked in a number of small 
quarries and is extracted by hand. Bands of clay and sand are 
intercalated with the salt. The deposits near the surface are so 
extensive that working to any appreciable depth is unnecessary. 
Formerly salt was also quarried at Malgin (33® 18' : 71® 30'), 13 
miles oast of Jatta. Gee states that there is no doubt that there is 
sufficient outcrop salt at the above-mentioned places and at other 
fairly accessible localities to meet the demand by quarrying only for 
many decades. 

A report having been received to the efEect that salt was being 
manufactured in Waziristan, an officer of the Northern India Salt 
Revenue Department visited the locality. He 
reported that the salt site is situated at Arap 
Kot (32® 44' : 70® 15'), which is on a bend of the Shaktu river just 
within North Waziristan and is some 20 miles north-east of Sara- 
roglia Fort (South Waziristan). It consists of a small spring of brine 
emanating from a conglomeration of stones and clay at an old sub- 
sidence above the *bed of the Shaktu. No sign of salt marl or 
exposure of rock-salt was observed. 


North Waziristan. 


Peshawar district. 


steatite. 

An exposure of soapstone, or steatite, occurs less than a quarter 
of a mile north-west of Kund (33° 66' 72° 14') in the Nowshera 

tahsil of the Peshawar district. There seems 
to have been alteration by magnesium 
and siliceous solutions of the Attock slates, which have 
approximately an E.-W. strike. When I visited the occurrence, 
T noted that the zone of alteration follows the foliation direction 
of the shales or slates towards the Eatti Miana occurrences. White 
reef-quartz occurs in the zone of alteration. The soapstone has 
been quarried and mined for some conaderable time; but the pits 
have now mostly been filled and it was impossible for me to ascertain 
the extent of the ancient working. The material has been used 
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locally for soap-making and for white-washing after being powdered. 
It is much purer than the Katti Miana occurrence. 

Half a mile north-west of Katti Miana (33” 56' : 72” 12') along 
the continuation of the strike of the Kund deposit described 
above, there are some pits in the precipitous sides of a hUl on the 
right bank of the Katti Miana stream flowing north-east to 
join the Kabul river by Nihalpur. The Attock slates are badly 
crushed here. The loc*l inlmbitants lustid to quarry impure soap- 
stone mixed with shale shingle. This was powdered and mixed 
with water, so that the material remained in suspension and the 
sliinglc fell to the bottom. Then the suspensoid was made into 
cakes, which were sold at an anna a seer and used for white-washing 
houses, etc. Although greenish when quarried, the material became 
white when imwdered and dried. 

I concluded that, there would be little purpose in spending money 
to dcv(*loi) and prove the Kund dejMwit, unless it be to supply a 
purely local market, as the <|uality an<l quanfify could not hoiHS to 
compete with (he better (lepo.site at prtw'.nt being workf^i in India 
elsewhere. 


Sulphur. 

On the left bank of the Arkari, oj)poHit<! the village of Mujhi- 
grani, a small deposit of sulphur, contaminated by earthy matter, 
was obstirved by Tipper^ Hulphunitted hot 
” ■ springs are of common occurrence in the neigh- 

bourhood of the granite intrusions in Chitral, and Tipi)cr was of 
the opinion that the sulphur has been deprjsited from one of these 
springs. The deposit, though interesting, has no appreciable econo* 
mic value. The sulpliur has Iwjen used locally for the manufac- 
ture of gunpowder. 

A sample of crude sulphur was reccivid recently by the Imperial 
Chemical Industries (India), Ltd., which was believed to have 
come from Chitral. It consisted of a portion of a block cast in 
a mould, and apart from the lower layer, which contained a large 
proportion of impurities, the balance appeared to be of good quality. 
The following two analyses of the sulphur extracted and moulded 
were made by the hrm in question and are repnduced here with 
its permission. It should be noted that there is a considerable 
amount of impurity in this prepared sulphur which has settled 
to th(‘ Imttom of the prepared block. It has also beefi stated 
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that tlie arHfink' cont«-nt jjiven most be regardetl as an indication 
only, and not an ae«:nrjif<‘ nnalyti<'al figure : — 



I.0WEB lavkk. 

Upper layer. 

* 

Approximately 

Approxiniatdy 


20 per cent of 
total thicknesR. 

80 per cent of 
total ihiokiieRS. 


Per cent. 

Per cent. 

Lohh at lOO^'O. for oiiu hour (inoiKtun^) 

000 

008 

Non- volatile matter (nab) . 

1508 

046 

Sulphur 

840 

004 

CMorides aa Na Cl . 

005 

0*03 

Acidity as H, SO4 .... 

004 

0*02 

Arsenic 

Less than 0*04 

004 

Organic matter (approximately) 

0*67 

0-1 

Total 

100*78 

10013 

Appearance (colour) 

Greenish 

Yellowish 


Tt is possible that this sample was obtained from the Mujhigram 
area, but confirmation is lacking. 

Tipper also found that a large area in Chitral on the borders 
of Afghanistan and between the Lutkuh and Arkari valleys is 
occupied by gametiferous and other schists, cut through by granitic 
intrusions. At many places these schists contain patches of sul- 
phides, chiefly pyrites and pyrrhotite, accompanied by what ap- 
appeared to bo lollingiks the arsenide of iron. The minerals 
weather out in nodules covered with a thick skin of iron oxides. 
The minerals were tested for nickel with negative results. It 
would seem, therefore, that these mineral patches, generally small 
in extent, are of very little value. Tipper also noted a vein of 


pyrites, a quarter of an inch wide, in granite in the Barzin valley. 
Tra<ie8 of sulphur were obH<*rve<l by La Touche in Upper Nura- 


Dcra ImmH Khan 
dialfict. 


mulitic beds near Dornunda (31° 30' : 70° 14') 
in the Shiran i country, apparently formed by 
the decomiM>sition of iron pyrites. 


Sulphur pits were formerly worked in a band of pyritous (alum) 
shales lying below a limestone scarp on the western bank of the 


Kohat dtotrict. 


Indus river near Khushalgarh. The mode of 
occurrence of the mineral at Luni-ki-kassi 


(33° 36' : 72° 1') and at Panoba (33° 37' : 71° 54') was desc,ribed by 


Lyman in a supplement to his report on the Punjab oil lands ; and 
at Gunjhlli (38° 25' ; 71® 60') by Wynne. The sulphur is produced 
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by the decomposition of the p}Titos in the shiilea, which appear to be 
very carbonaceous, and collects in its . native form on the sides 
of small crevices in the rock. It was extracted by a simple 
process of sublimation in earthen vessels, ime being placed on the 
fire and anothr'r inverted over it inoutli to mouth, so as to catch 
the fumes. 


Mardaii district. 


Wynne mentions the appearance- of on(*e extensive sulphur or 
alum works on tlie right bank of the Indus nt*ar Dandi hill station. 
These are situated on the road from Cliorlakki to Damli 30' : 
7P 59'), about two miles from the latt(»r. 

Pascot^ mentions that sulpluir pits about 1,(HK) yards east of 
Paiioba village iis4m 1 to be worked before tlu‘ Hritish Itulc. 

I have been itiformed that pyrit(‘s o(‘<-urs as a vein in a well sunk 
at (landal (34 7' : 70' 41') in (laduii trilml territory, and was 

shown a speeiineri said to have beiui e.i)lltH*ted 
from the dump of the well. ft was added that 
tlie thickness of the vein was nine feet, an obvious exaggeration, 
and that samples, presumably from llie dump and not from the 
actual vein, have been taken to IN*shawsr for trial. It was not 
possible for me to visit the area, but an (»xamin:ilion may be made 
during the 1939-40 field season, 'fhe e(^onojnie irnportanee of a 
large vein of pure pyrites would be gnat. 

Pyrites occurs as small crystals and coiie-retioiis in certain of 

the shales, limestones and schists in South Wii/iristan, Peshawar 

, . , , district, Mardan district, KoUat distriid/, etc., 

South Wazirlslttu, etc. , , , 

but these occurrences Jiavc: no ecuiu>mi«? value. 


Water-supply. 

The Bannu, Dera Ismail Khan and Kohat districts are greatly 

„ . , in nee<l of sclicmes that will <levelop their 

Bannu district, etc. r x* i i i 

scanty resources of surtac(r and underground 

water-supply. Each area has to be considered i i the light of its 
own peculiar geographical and gt'ological conditions. 

As I consider one may distjount the econf)mic possibilities of the 
Dore river coal, I invite attention to the hydro-clcctric possibilities 
of the perennial streams in the Hazara dis- 
trict ; a glance at the degree sheet 43 F will 
show how well the district is provided with these. The Doire river 
would be rather difficult to dam at some such place as just belbw the 


Hmrs district. 


D 
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junction with the Hamow nala. Though the Nummulitic lime- 
Btone on tlie right bank would ofEer a good foundation, a fold-fault 
ruuH along the course of the stream. Damming would flood the 
lower part of the Harnow and would cause such expense in the pro- 
vision of bridges, etc., for the Abbottabad-Nathiagali road. Also 
tlie stream is very subject to .spates and enormous amounts of 
detritus are carried down by it. 

The Harnow naUi, apparently, has a perennial flow. It luuj a 
very steep gorge which should be easy to dam below Jhafar without 
inundating any land of value. Whether the capacity of such a dam 
(provided the extent of the flow of the Harnow wo\ihl be suflieieut tA> 
replenish the supply) would suffice to provide power for the Hazara 
district is a matter for the engineers concerned. 

In my opinion, however, recourse could very easily be made to 
the more suitable stream, the Kunhar, along the course of which, no 
doubt, suitable alternative sites could be found for dams which 
would easily supply the whole of the Hazara ilistrict with power. 

The surface water-supply is developed in the Peshawar and 
Mardan districts by the Upper and Lower Swat Canals. However, 
much of the water in these canals and the 
*"^ ^**^^*" distributaries is wasted by the lo<ial inhabitants 
and the problem of preventing this waste has 
ociuipiixl the attention of local authorities for somt* considerable time. 
One of the suggestions that seems to have much in its favour is the 
pro|)Osal to lower the levels of these canals and their distributaries, so 
that it would not be possible for water to flow on to the land of the 
lo(jal cultivators. In other words, all water would have to be pumped 
to the land and a charge made for the amount of water consumed. 
Besides preventing waste and waterlogging of arable land, this 
method has the advantage of providing a good load for the 
power of the Malakand hydro-electric scheme. 

There seems a little doubt, also, that the scanty local surface 
waAez resources of the Peshawar and Mardan districts could be 
conserved by dams constructed so as to impound flood water to the 
north of the Upper Swat Canal. The utilisation of the water so 
impounded w*ould mean thut more water would be available than at 
present during the period of greatest demand on the canab, i.e., 
during September and October. One possible site for such a dam 
would be across the Badi Khwar where it meets the Machai branch 
of th4 Upper Swat Canal. 
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Tn a recent paper, I have discuastMl the underground water-supply 
of the Pesliawar and Mardan districts and added an appendix on 
the Kohat valley. Amongst the points discussed therein are the 
question of a piped water-supply for the town of Hoti-Mardan, which 
is very urgently needed, and the further development of water 
resources of the areas north of Machai branch of the Upper Swat 
Canal. Amongst areas singled out for particular attention may be 
mentioned the Kharkai, Khui fiarmol, Upper Katlang, aiid Upper 
Kustam valleys. 

POSSIBILITIES OF MANUFACTURE OF CEMENT. 

I have outlined the possibilities of the manufae.ture of cement 
in the North-West Frontier Province in a letter sent to the Hon’ble 
the Chief Minister in Novemi>er, 1938. 

Portland eemcnt is so greatly more important than any other 
cement of its class that I shall (jonfinc! most of my remarks to it. 
It consists of a mixture of (compounds of lime and silica and of lime 
and alujnina. These are the essential consituent^*, but it commonly 
contains in addition loose compounds of lime with ferric oxide, 
magnesia and small quantities of inert insoluble silica or sili«^ates, 
alkalis and sulphates. Except when perfectly calcine^l and abso- 
lutely fresh, it also contains a little water and carbonic anhydride 
absorbed from the air. The ultimate compc)8ition of Portland 
cement varies with the nature of the raw materials from which it 
has been made. The limits laid down by the British Btamlard 
speciH(;ation are as follows: the proport itm of lime to silica and 
alumina shall not be, greater than the maximum nor less than the 
minimum ratio (calculattd in cliemical equivalents) represent<wl by 

Ai — /r— or ‘2-0 rc8p<!ctively ; the percentage of inHoluble 

ol vij j Alj U3 » ^ 

residue shall not exceed 1*5 {>er cent. ; and the total sulphur content 
calculated as sulphuric anhydride (SO,) sliall not exceed 2*75 per 
cent. The total loss on ignition shall not exceed 3 per cent. 

As would be expi'cted, the raw materials from which Portland 
cement can be prepared are of the most varied description. Chalk, 
limestone, or any other approximately pure form of calcium carbonata 
on the one side, and clay, shale or any typical argillaceous material 
on the other, are burnt together to produce Portland cement, 
provided that the product has a composition within th§ limits 
already laid down. It follows, naturally, that substanoes which 



62 


Re(Xfrds, Vol. LXXV, Prof. Paper 2. 

contain both calcium carbonaf/C and clayey matter, such as cal- 
careous shales and argillaceous limestones, can be similarly used. 
On this account, Jind because of the low f)rice of the manufactured 
article, and the consequent high ]>roportion whicli freight bears to 
the total cost at the point of consumption^ the manufacture of 
Portland cement is not coiitined to any particular spot, but is 
successfully undertaken vvhfTcv'er ch^iosits of suitable raw materials 
occur, provided the cost of fuel is not extravagantly high. The 
ijvaliiy of Portland (oment and its suitability for building purposes 
is ascertained by vajious mechanical tests and by its chemical 
analysis. The analysis shows wh<*ther the constituents fall within 
the rc'cognized limits statocl above, and detects the presence of 
adulterants such as blast furnaces slag, etc. But as it is impracti- 
cable to make a proxtwoie analysis of Portland cement, the ordinar}' 
analytieal figures will not indicate whether the raw mateiials have 
been suffunently intimately mixed and siifticuontly thoroughly burnt 
to form those cernentatious siibstaTutes constituting sound and 
serviceable Portland eenumt. This questitm, however, can be 
staisfactorily setth'd by physical anil mechanical tests, which are 
laid down under Britisli Standard specifications. 

The original object of manufacturing Portland cement and >similaT 
substances was to obtain a material which would both set and would 
resist the action of water. ]iut it was soon found that the great 
mechanical strength ‘of Portland cement made its use advantag€»ons 
even when it- had not to he exposed to water, and at the present day 
it is the structural cement most commonly used ; and on account 
of the great decrease in cost of modern m.anufactiire, it tends to 
displace all other building cements, including common lime. 

With these preliminary remarks, we may now considiT i(K?aI 
conditions. Portland cement is being manufactured at the eastern 
tennination of the Hasan Abdul hill, in the village area of Wah by 
the Punjab Portland Cement Co., Ltd. The raw materials usetl are 
Ijaki limestone from the Hasan Abdul hill, showing on analysis up to 
98 per cent, of calcium carbonate, alluvial day, which is dug up 
close to the works, and gypsum, which comes from Khewra in the 
Salt Range. The limestone and clay arc mixed in the proportion 
of 3 : 1. The raw materials are crushed and ground with water to 
produce a very fine slurry, which is burnt in three rotary kilns at 
a^ut 148(K)®F. The burning is carried out by firing the rotary 
kilns with pulverised coal and the resultant clinker produced ia 
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then ground in compound mills to form cement. During the 
grinding operation, gypsum is added t<o the. clinker in a very small 
amount in order to control the setting time. The fuel utUisttd Ls 
the friable coal from the Simpson gnmp of mines itf the Makerwal 
Coal Co., Ltd., at Trag in the Miauwali district of the Punjab. On 
aeoount of high freights, the })Oorer. but nearer. Trans-Indus Salt 
Range coal from Trag is able to compete .siKHiessfully with the better, 
but more distant, coal from Bengal and Bihar. However, the 
manufacturers have found also that the softer coal from Trag has, 
in fact, certain advantages and they have modified their manufac- 
turing process accordingly. 

I have noted almve the desirability that the cost of fuel should 
not be extravagantly high. When the ({uestion of the cstahlish- 
inent of a cement works in the Frontier Pnjvince. is being considered, 
the point that immediately aris<>B is th(‘. sounie. of supply of fuel. 
In niy several reports tt) th(< (Jovernraent of (lie Norf-h-West Frontier 
Province, 1 have pointisl out the absence of any assunnl supply of 
coal of gowl quality. 1 have visit.ed the Hasara occurremics and 
concluded that even with imslern methods of low temperature 
carlwnisation, and of washing the possibilities of the Dore river 
coal being worked on any commercial scale may be discounts.Hl. I 
concluded that as a potential sounic of find for the North- West 
Frontier Province, the Dore river coal may be ruled out. In any 
c*8e, the freight of the Dore river coal, were it Vver worked, would 
be at least equivalent to that, to the Trag coal of the Punjab. 

I have recommended that efforts shoidd be directed towards 
proving the cisil to the north of the Ibutsdi gorge in the Kohat 
district, but that coal would, if proved, fiave U» be work);d from the 
Punjab (Mianwali) side. .4s 1 have statcfl elsewhere in this pafsir, 

I understand that the Makenval Ooaj Co. have a IcaiSM* of this area 
and have been prospecting it, together with other areas in the ailjoin- 
ing part of the Mianwali flistrie.t of the Punjab to the north of thier 
present mines at Trag. 

If a cement works were established in the Frontier Province, 
then as 1 do not consider the Kohat oil-shale need }m>. considered in 
this connection, the. fuel for the manufiuiture of the. cement would 
rither have to be brought by rail from Bihar or Bengal or from the 
Mianwali district of the Punjab. The freight from the latter area 
would be less, but the pit-head price of the coal would be* higher 
than that of Bihar or Bengal coal on account of the methods of 
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extraction used. Also there is the question as to whether the 
Makerwal (bal Company could guarantee to maintain a sufficient 
supply of coal to satisfy the Punjab Portland Cement Works at Wah, 
the new proposed ceinenl works in the Frontier Province, and also 
the Coal Company’s present customers in other parts of the Punjab 
to whom they supply coal for brick manufacture, etc. The proposed 
works in the Frontier Province would be entirely dependent upon 
supplies of coal from here as, presumably, it would be uneconomic to 
import coal from Bengal and Bihar. In any case, the cost of Trag 
coal delivered to any part of the Frontier Province will be greater than 
what that same coal costs the Punjab Portland Cement Co., Ltd., 
at Wah. However, the increased cost of fuel can be offset against 
the lesser freight that the Frontier Province proposed works would 
have to pay to deliver its finished product to the consumer, if he be 
in that part of the Frontier Province west of the Indus. 

Turning to the question of raw materials, there is abundant 
limestone in the Frontier Pntvince, in close proximity to which 1 
"have little doubt suitable clay or shale will be found. One calls to 
mind the large limestone ridge on whicli the lull-station of Cherai 
is built, the limestone and marble ridge forming Oliuudai Tarako 
on the border of Swat and the Mardan district, the marble and 
limestones near Swabi, other possible, supplies between Swabi and 
Jahangira, the very large supplies of the Mullagori area and other 
parts of the Khybcr Agency, and the numerous limestone hills of the 
Kohat district. With the exception of the Khyber supplies, which 
may be debarred on strategic grounds, none, of those supplies are 
very close to the main railway line to I’esliawar. Supplies of 
gypsum which is used, amongst other uses, for the manufacture of 
various kinds of wall-plasters and cements, could undoubtedly be 
obtained from some of the Tertiary beds in the. Kohat district ; 
even if supplies are not readily available from here, they could be 
imported from Khewra. 

However, it will be gathered that I am nut at all optimistic that 
a cement works in the North-West Frontier Province would be able 
to compete successfully -with the Punjab Portland Cement Go. at 
Wah in the Attock district of the Punjab. 

SUMMARY. 

It must be admitted that the North-West Frontier Province has 
been unfavourably blessed by Nature with supplies of minerals of 
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economic importance, excepting as regards building stones» wbioh 
are composed chiefly of limestone and marble. Its list of mineral 
resources does not make hopeful reading and it is, indeed, hard 
to suggest 'minerals, to the development of which activities could 
with advimtage be directed. Tt has abundant power available 
from the Malukand hydro-electric scheme, which has been function- 
ing now for a few years, and every enoouragt^ment should be given to 
industrial enterprises which wish to take advantage of this power. 

The development and proving of the c<>al of the Siirghar range 
on the border of the. Kohat district with the Mianwali district of the 
Punjab, should be undertaken or encouraged as soon as the results 
of the present survey by tJie Geological Survey in the latter district 
are known. The limestonc^s of the Province occur in almost inexhau- 
stible amount and it is well blessed by deposits of good quality white 
statuary marble. The latter should be carefully conserved and the 
handsome banded marbles, wliicli occur in great abundance, should 
preferably be used for ordinary building purposes. The gypsum of 
the Kohat district could possibly be developed by the establishment 
of a local industry. And, Anally, considerable attention could and 
should be given to the development of the surface and underground 
water-supplies of the districts of Peshawar, Mardan, Kohat, Bannu 
and Dera Ismail Khan, The establishment of a cement wc»rks is 
not advocated. 
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INTRODUCTION. 

III view of its importance, the problem of the most efiicient 
technical methods of utilising coal has become of fundamental 
interest in many countries in Europe and has been engaging the 
attention of the (government of India and others in this country. 
The dominant feature of the coal industry in general should be in 
the availability of reliable experimental data and their utilisation 
for industrial purposes such as iron smelting, etc. The outstanding 
problem that faces the iron and steel industry as a whole depend 
upon the most econoBiic utilisation of fuel, especially of cdkitig 
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coals which are essential for the production of good metallu^cal coke 
for smelting iron ores. This problem has been a topic of repeated 
discussions and experiments. 

Regarding the origin, occurrences, quality and the constitutions 
of Indian coals four important Memoirs have been published by the 
Geological Survey of India : — 

(1) C. 8. Fox — ‘ The Natural History of Indian Coal ’, Mem. 

6ed. Surv. Ind., LVII, 1931. 

(2) C. S. Fox — * The Jharia Coalfield Mem. Oeol. Surv. Ind., 

LVI, 1930. 

(3) E. R. Gee— ‘ The Geology and Coal Resources of Raniganj 

Cimlfield’, Mem. Ged. Surv. Ind., LXT, 19.32. 

(4) C. S. Fox — ‘ The Lower Gondwana Coalfields of India’, 

Mem: Oeol. Surv. Ind., LIX, 1934. 

The Lower Gondwana fields are responsible for 98 per cent, 
of the total annual production of Indian coals and the rest (2 per 
cent.) comes from the Tertiary Coal Mines. 

Based upon the above Memoirs, attempts have recently been 
made for the estimation of the amount of superior quality of coal 
in India. In 1935 Sir L. L. Fermor (Fermor, 1935, pp. 1-14), the 
then Director of the Geological Survey of India, dealt with this 
problem thoroughly in his paper ‘ India’s Coal Resources’. Accord- 
ing to Dr. Fox the reserves of coking coal of metallurgical quality 
are as follows : — {op. cU., p. 5) 

Tons. 

(1) Giridih 30 

(2) Kaniganj 260 

(3) Jbaria 900 

(4) Bokaro 320 

(6) Karanpara not estimated. 

1,500 

But when the vast quantity of the best quality of iron-ore deposits 
of India is taken into consideration, it is found that iron-ore deposits 
of Bihar and Orissa alone contain 3,000 million tons (op. eU.,p. 5). 
To obtain pig-ixon from this ore by methods at present in vogue, 
good metallurgical coke is necessary and for this purpose, about 
3,000 million tons of coking coals are indispensable if our iron and 
steel industry is to thrive. In other words, our iron-ore deposits of 
Bihar and Orissa require more than the total amount of all good quality 
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coala— coking and non-ooldng comluned together. Considering the 
present method of extraction of coals from the mines and the annual 
production of coal, the conclusion arrived at is very alarming, for 
the good coking coals will be available only for a limited period for 
smelting the iron-ores (op. cU. pp. 8-9). This disappointing fact 
which is so detrimental to the growth of the iron and steel industry, 
drew the serious attention of the Government of India and a Coal 
Mining Committee was appointed in 1936 to devise measures for 
ccmserving the coal assets of this country by improving the methods 
of extraction and preventing avoidable waste. The recommenda- 
tions of the Committee regarding the safety and conservation have 
been published in 1937. 

The aim of this investigation on coking coals is to study the 
physical and chemical characteristics which are of extrente ira- 
portMice for the manufacture of metallurgical coke. 

It will be of considerable interest to note how the production 
of pig-iron and steel has been increasing year by year and naturally 
the consumption of good coking coal has also I>een increasing. This 
will be evident from the following tables : — 

Table 1, — Production of Pig Iron, Steel, Ferromanganese {in tons) 

in India. 


(Committee, Coal Mining, 1937, p. 239.) 




Pio. 

TATi’H. 


Yaar. 

TaU. 

Bengal 

Iron. 

Indian 
Iron and 
Steel Co, 

Myeore 

Iron 

Works. 

lOUl. 

Steel. 


19SI 

• 

779.M5 


248.214 

1 

15.577 

1.058,880 1 

489.184 

14,880 

m2 

• 

089.981 

•• 

108.700 

14.688 

918,814 

480.888 

880 

IMS 

* 

7M,968 

•• 

249.079 

14.805 

1.057.887 

506.429 

7,786 

19S4 

• 

882.054 

•• 

420.271 

17,885 

1.320.210 

590,981 

t,W 

IMft 


897.970 

125.860 

480.884 

19,152 

1,451,802 

027,807 

14,182 

IMS 

• 

868.272 

•• 

059.648 

22,241 

1,640,050 

000,201 

8,208 

1M7 

• • 

885,898 

•• 

718.080 

82.887 

1.021,200 

006.809 

6,041 
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Tfital Bard 
(Jokf. 

Jhiirla Coal. 

(;irldlh 

Cojil. 

JlaniKitnj 

Coal. 

Other Coals. 

1 ,809.003 

1 .087,681 

33,200 

12,466 

24,568 

1.214,772 

1.6».6.733 

32,724 

12,878 i 

7,330 

1,227,746 

1,517.483 

27,245 

10,460 

2.808 

1.617,187 

1 .034,048 

26,207 

80,024 

2,606 

1,766,821 

2,232,807 

26,740 

01,086 

2,850 

1,811,201 

2,233,886 

37,670 

02,302 

2,070 

1.886,863 

2.472,182 

72,240 

83,025 

0.306 


Table 2, — Qmntity of hard coke wamifactured in India {in tons). 
(Committee, Coal Mining, 1937, p. 237.) 


1.767,004 

1.638.066 
1,668.006 

2.048.067 
2,853,441 
2,806,728 
2,637,062 


From the above, it is clear that nearly all the metallurgical 
coke is produced from the Jharia coals except a very small fraction 
which is obtained from the coals of Giridih and Raniganj and other 
coal fields. Owing to this peculiar significance of the Jharia 
fields, ilic majority of the samples for investigation has been selected 
from the Jharia field. On the physical and chemical behaviour 
of Indian coals, there lias licen Imt a very limited number of investiga- 
tions. 

Rassow and Bhattacharjee (1921), pp. 250-264) studied the low 
tomporatiire distillation and F<jrmor (1930, pp. 189-288) investigated 

fiarlier Work relation between the ash content and the 

specific gravity of Indian Vitrains. Dutta 
Roy (1934, pp. 21-42) investigated the action of solvents on Indian 
coals. By pressure extraction some imi)ortaut clues were obtained 
regarding the constitution and structure of Indian coals. Later 
on, Dutta Roy and Bhattacliarjee (1934, p. 67) made a comparative 
study of the high temperature and low temperature distillation of 
Indian coals and Hoffman and Dutta Rov (1934, p. 428) made a 
thorough study on the chcniical ;m<l physical properties. Recently 
Bunte Bruckner and Sanjana, (1935. p. 356) made studies on coking 
jiroperties and C. Forrester (1936, pp. 173-224) studied the (chemi- 
cal and physical characteristics of the Barakar Coals, 

To obtain comprehensive data regarding the manufacture of 
good coke for Tnetallurgi(*al purposes it is deemed necessary to 

Object and Method of characteri8tic4S which arc 

Investigation. of fiinda iiietital importance - 

‘ (I) Caking Index. 
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(II) Swelling properties. • 

(III) Decomposition and softeniixg points. 

(IV) Blending. 

The samples, used for the present investigations, are true re- 
presentative samples of different collieries as despatclied to Messrs, 
Tata Iron & Steel Co. Ltd., and I take this o()[K>rtiinity of thanking 
them for so kindly placing the samples at my dis[)osal. 

I. CAKINQ INDEX. 

Various investigations on coldag coals for their utility for the 
blast furnace have been made and attempts liave also been made to 
correlate analytical data with the caking properties. When ])roduc.- 
ing metallurgical cokes, it is of utmost importance to use coking 
coals. But coking coals are coals wliicli under modern coke, -oven 
practice yield n\eta.llurgical cokes of good cpialitv and rcMictivity. 

For selecting coals for coke-oven the taking index affords goo<l 
clues and these clues may be correlated with the pn)ductioji of coke 
as well as i)y-products. 

The caking-iiidex is the estimation of coking proper! ies of coal 
based on the mechanical strength of tli«^ coke-liulton ol»tained by 
heating a mixture of the coal and son»e inert material. 

There are various metliods in use for the eslimjition of cakicg- 
index. Sim e the invention of a simple mothoil by llicblers {l«70, 
p. 71) which consists in mixing (-oal witli soim^* material which is 
inert and observing the capacity of jnoducing coke-bult«)ns which 
are then subjected to some mechanical t(*.sts regarding streiigt-li, 
various modifications l)y different authors liavi? beeii made and 
special meat ion may be made of the wmk of Campredon (J895, 
p. 82t)), Audibert (1920, pp. 115-130), (Jray (1923, p. ^12), Danun 
(1928, p. 1073), Marshall aiul Bird (Tech. Bub. 210, p. 40) and 
Kattwinkel (19.32, p. 103). 

The method <if Campredon was followe<l and it (oiisists in mixing 
finely i»owered coal and sand (70 mesh) in various j>n»|jortions bj 
make a tuUil weight <)f 5 gin. On carbonising the different mix- 
tures in standard platinum crucibles for 0 minute^, the rcsjiective 
mixtures are seen to yield a coherent button and a jjowdery residue. 
The individual buttons are then subjected to a load of 500 gm. and 
the button which can just stand this weight is noted. The propor- 
tional weight of the inert matter (sand) used in the original mixture 
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from whicli this button resulted, represents the caking-index of the coal. 
Supposing a button, produced by a mixture of coal and sand in the ratio 
of 1 : 14, can just stand the weight of 500 gram, then 14 will represent 
the oaking'index. As the caking-index depends upon the specific 
properties of (^al, the studies of the following relations have been 
made : — 

(1) Relation between caking-index and proximate analysis. 

(2) Relation between caking-index and ultimate analysis. 

(3) Relation l>etweeii caking-index and the high temperature 

distillation. 

The proximate and ultimate analyses were performed according 
to the standard methods in vogue. In case of the volatile matter, 
the temperature at which the determination was made, was recorded 
as 960°C, The percentages of carbon and hydrogen were found 
out by the usual combustion metlKnls and the |>ercentageH of nitrogen 
and sulphur were estimated by the well-known Kjeldall and Eschka 
methods respectively. As there is no satisfactory method for the 
estimation of Oxygen, the percentage of oxygen is generally ex- 
pressed by the difference of the sum of the |>ercentages of all other 
constituents from hundred. This value of oxygen cannot be strictly 
correct as this is likely to be (contaminated with experimental errors 
in other determinations. So it is evident that the value of oxygen 
should be expressed as ‘ oxygen+^^rror*. 

The high temperature distillation was carried out in a silica tube 
in an electric furnace at 950^’C. As the object of this was to find 
out the coke yield and by-products, it was thought necessary to 
carry out the distillation under conditions prevailing those in coke- 
ovens. For this pur})ose about 10 grams of crushed silica brick 
was placed just at the mouth of the silica tube and the gases were 
allowed to pass through these |>ieces of bricks. 20 grams of coal 
was put in the silica tube and the distillation was carried out as 
usual — coke remained in the tube and the Tar and NH3 were absorbed 
in a recovery train and the gas was collected with help of the aspirat- 
ing bottles which were saturated with NaCl and by-product gas. 

From the tables 3 and 4 it is evident that the coals of Barakar 
series belonging to the Jharia field have higher caking-indices than 
those belonging to the Raniganj series of the Raniganj field. The 
moisture-content of the former hardly exceeds 2 per cent, while 
that of the latter ranges from 3 to 10 per cent. Thus caking-index 
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bean au intimate lelationship to the luoiatoie-content of the coal. 
This fact also confirms the previous observations of author (Dutta 
Roy, 1934, pp. 11-12). The determination of the hygroscopimty 
of coals of Jharia field and of the Kaniganj field was carried out 
and it was found that the Kaniganj coals bad more moisture-absorb* 
ing power than those of the Jharia field. 

The ash-content of the coal, however, does not bear any direct 
relationship to the caking-index. With regard to the caki^-index 
and the fuel-ratio, it appears from the table that the caking-index 
varies directly as the fuel-ratio. Moreover it is noteworthy that 
the fuel-ratio in the case of the Barakar series ranges from 2 to 2*8 
while in case of Kaniganj series it never exceeds 1*5. 

Again the ultimate analysis reveals the fact that there exists u 
definite relation between the caking-index and the carl)i>n and oxygen 
contents of coal. The caking-index increases with the increase in 
the carbon-content while it decreases with the increase in the oxygen- 
content. 

Further, the relation between the caking-index and the high 
temperature distillation products is of great importance. It is 
evident from the table that coals having higher caking-indices pro- 
duce a higher amount of good metallurgical coke whereas coals of 
lower caking-indices yield a poor coke but a higher amount of by- 
products (tar, gas, etc.) of superior qualities. 

Considering the practical utilisation of cokes for smelting the 
iron-ores, it is found that medium caking coals (caking-index varying 
from 13 to 15) serve best the coke-oven practice, in onler to obtain 
good metallurgical cokes as well as by-products. 

Although, caking-index affords valuable clues for selecting coking 
coals for use in coke-ovens, it serves only as a relative criterion, for 
it has been found by experience that even when using coking 
coals with requisite caking-indices ,we cannot always predict the 
nature of the coke produced. The cause of this anomaly must be 
ascribed to the properties of the constituent parts of coal. Wheeler 
and his co-workers (1913, p. 1704, 1916, p. 707, 1927 p. 700) studied 
the action of pyridine on coal to find out its constituent parts and 
they separated the coal into three parts, namely- -a, p and y compounds. 
They found that the y-compound was responsible for coking proper- 
ties. But the classical researches of Fischer and his co-workers 
(1925, p. 33) threw much light on this obscure subject and they extracted 
the coal w'ith benzene under pressure and the extract thus obtained 
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was resolved into oil-bitumen and solid-bitumen. Fischer and his 
co-workers, for the first time, explained clearly the part play^ by 
these two constituents of coal in the process of coking. The oil- 
bitumen is responsible for the coking and the solid-bitu-men for 
swelling and these two constituents together during the process of 
carbonisation yield a good coke. Likewise Bone and his co-workers 
(1924, p.33,608) also made intensive studies on the solvent action of 
benzene. The action of solvents on Indian coals has already 
been studied by the author and results obtained are in quite good 
agreement with those obtained by Fisc her and his co-workers. It 
has been found by the author (Dutta Roy, 1934 p. 36) that coals of 
Jharia field are richer in oil-bitumen-co!itent than those of Raniganj 
field and evidently this can explain th(^ greater capacity of coking 
properties of the Jharia field coal. 

2. SWELLING PROPERTIES. 

The swelling power of coal has an important bearing on the 
Jbrmation of cokes. As is well known, without it, coke formation 
cannot occur. It is one of the. main factors which control the 
mechanism of coking and also the operation of coke-ovens. 

In consequence of the tremendous growtli of the iron and steel 
industries, the methods for the production of metallurgical coke 
have advanced by leaps and bounds and there have been rapid 
imjirovc.meuts in the construction of the coke-ovens. Due to these 
improvements, from the earlier Bee-hive and Copper ovens, wc 
have now the most up-to-date coke-ovens constructed by Otto, 

Koppers and Collins and these modern coking plants play a very 
important role in the efficiency of the present metallurgical indus- 
tries. So it is necessary to attach due importance to the life of 
coking-plants and hence to tlie smooth running of the plant in 
general. 

Now for a moment, if we consider the actual carbonisation 
process in the coke-ovens, it is found that as soon as the coal is 
charged by the charging hoh^s into oven -chamber, along the walls, 
it is very quickly raised to the plastuj stage {350°C to 450'^C) and 
the decomposition begins from the hot wall towards the centre of 
the oven and naturally coke-nuts are formed at the wall. Simul- 
taneously swelling of coal commences and as the uucoked coal 
prevents any expansion towards the centre of the charge, the swell- 
ing naturally exerts a pressure on the plastic mass against the wall — 
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tile expansive pressure being a function of the degree of decomposi- 
tion of coal and of the viscosity of the plastic zone. After car- 
bonisation for about a period of four hours, the coal near the wall 
is converted into semi-coke and the plastic zone gradually proceeds 
towards tiie centre of the oven and the gases, as they are freed 
from the plastic zone, travel by the shortest path — the path being 
vertical to the heating wall. As the carlionisation proceeds 
further, the semi-coke near the wall is transformed into hard coke 
and the shrinkage begins. The process of carbonisation is com- 
pleted in this way. The shrinkage which begins after the formation 
of hard coke, counteracts the expansive pressure and if the shrink- 
age is not sufficient to compensate this pressure, the heating 
wall in consequence suffers a great deal under the stresses resulting 
from the pressure. Thus it is evident that this expansive pressure 
due to the sweUing of coal is detrimental to the coke-oven operation 
causing damage to the oven walls. But as has already been pointed 
out, for coke-formation swelling «»f coal is necesRary and hence the 
damage to the walls of the coke-ovens will be naturally dependent 
upon the magnitude of swelling of coal and the shrinkage after the 
carbonisation. So, in recent years, the swelling of coal and 
the shrinkage obtained after the carbonisation have drawn the 
greatest consideration from the investigators on the operation of 
coke-ovens. 

Attemps have been made to find out the expansion of the coking 
coals and to correlate this with the actual operation of the coke- 
oven chambers. 

Kortoh (1920, p. 662), as early as 1920, proposed a laboratory 
method for estimating the expansive pressure by heating the coal 
in an iron-cylinder in an electrically heated furnace. Later on 
Slater (1927, p. 82), by heating coal in a silica tube scaled at one 
end, in a tube-oven, found out the ratio of coke-volume to that of 
the coal. The result thus obtained furnished merely an indica- 
tion of the degree of swelling. Lambiis (1928, p. 341) found out 
a method by which the degree of swelling as well as the capacity 
of coking could be measured, but the effect of the expansive pressure 
could not be drawn from this. Basing upon the principles of 
Korton, Damm (1928, p. 1078) and Hofmeister (1930, pp. 326-332, 
.366-372) have constructed a modified apparatus to suit their purpose 
in one hand and Hoppers and Jenkers (1931, p. 232) have made 
improvements in the other hand. The essential difference of the 
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above modifications and improvements lies in the fact that daring 
the process of experiments, Damm and Hofiaoeister keep the volume 
of the coal constant by varying the load while in Ko^ers’ method 
the test is carried out under constimt load. 

In recent years important investigations have been carried out 
on the swelling of coal and its effect on the coking power and the 
process of coking, etc., by Baum and Hauser (1930, p. 1497) Pieters 
(1931, p. 443) and Spooner and Mott (1937, p. 96). Thus in view 
of the remarkable significance of the swelling power of coal, this 
subject, so far as it concerns the Indian coals, has naturally a great 
claim on the attention of the scientists and the industrialists of 
the country. 

In the course of the studies and experiments on Indian coals 
of which an account is given in the following pages, the method of 
Koppers has l)een adopted because of its sim^city in design and 
operation and the reliability of its results. 

The arrangement of Koppers’ method is shown in fig. 1. 80 gins, 
of coal passing through mesh are taken, covered with asbestos 
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sheet and put into the steel-crucible, A. At the bottom 

of the Goal-layer C, tbere is a perforated iron-disc M. Above the 
ooal-layer C, a sillimanite block is fitted up and above this 
the plunger B. The steel cylinder, A, with the coal-layer, sillimanite 
block and plunger rests in a fire-brick ring E. The steel-cyliuder 
is heated by means of a burner, K, the flame of which must not 
exceed 10-12 cm. G represents a constant load of 10 Kg an<l the 
expansive pressure is recorded by the recorder H. 

In the following table are given the descriptions of tlie coal 
with the remarks from results arrived at from the swelling test. 


Table 6. — Results op Swelling tests on Indian coals. 


Barakar Seriea. 

8<*nin. 

(Making- 

Index. 

Moia- 

tiire. 

AhIi. 

V. M. 

F. (M. 

Itoinarka 
from tile 

HWClllUg 

teata. 

.Tamadoba 

17 

16 

15 

10-10 

28-30 

(UM.5 

llarmle.m<. 

Kostore . 

13 

17 

0-80 

14-00 

24-12 

61 *08 

IH). 

Ifalkera . • 

15 

16 

OIK) 

13-80 

23*60 

61-70 

Do. 

Bhagatdih 

11 

Sec. B 

18 

0-8() 

15-08 

24*42 

.59-70 

Do. 

Klrkeud . . • 

13 

Sec. A. 

IS 

0-80 

13*42 

2.5*20 

60-58 

Do. 

UuBserya 

12 

Sec. A. 

17 

1*20 

14-26 

24*00 

60-54 

Do. 

Sljua . • 

16 

18 

0-80 

18-10 

24*76 

56*34 

Do. 

Victoria West . 

Top 

Ramnagar. 

16 

1-40 

12*64 

23*10 

62*66 

Do. 

Victoria West . 

Bottom 

Baiunagar. 

12 

1‘30 

11*12 

27*84 

59-74 

Do, 

Eaat Balgora 

14 

Sec. A. 

18 

0-00 

16*78 

24*34 

58-00 

Harmful. 

Sendra-Banejora 

Bani^nJ Seriet. 

12 

Sec. A. 

16 i 

0-82 

10*40 

22*56 

00-22 

Do. 

Seetalpur 

Deaher- 

garh. 

12 

200 

*13*27 

35-40 

40*33 

Harmlew. 

DIahergarh 

Do. 

13 

2*60 

11*16 

86*50 

49*75 

Do. 

Aldlhl . 

Do. 

11 

200 

11*82 

38*20 

47*08 

Do. 

Perbelia . 

Do. 

" 12 

1-30 

12-28 

37*00 

40*42 

Do. 

Netbaul • • • 

Do. 

12 

2-48 

10-60 

33*40 

53*52 

Do. 

Tapoai 

Chowkl- 

danga. 

11 

1-80 

12-48 

33*60 

52*12 

Do. 

Charanpnr 

Ponlatl. 

10 

4*60 

7*31 

84*12 

63*07 

Do. 

Sarnia • 

9 ft. 
grade. 

non- 

caking. 

700 

11-84 

32*50 

48*66 

Do. 

• 
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The curve obtained for each coal is attached (Figs. 2 and 3). 
The explanation of the curves obtained leads to some surpii^g 
evidences regarding the characteristics of the coals of the 
series (Jharia field) and those of the Raniganj series (Raniganj field). 




Fici. 3. 
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There are three divisions, namei>% a, b and c in the chart and 

conclusion to be drawn is as follows : — When the curve of the coal 

under investigation rises above or below the zero line but finishes 
by a, the coal should be regarded as extremely dangerous. While 
if the curve does not rise above the zero line and finishes at b, the 
coal should he regarded as slightly dangerous or doubtful, but 

when the curve travels below the zero line and finishes at c, it is 
perfectly harmless. Most of the curves of the Barakar series pass- 
ing below the zero line, finish just in c and therefore may be regard- 
ed as harmless. Tliese coals can be very suitably used in the 
coke-ovens. The curves of the Raniganj series pass below the 

zero line and finish also in c and naturally they are quite harmless. 

The curves of the Barakar series and the Raniganj series furnish 
us with some striking results. From the curves, it will be evident 
that coals of the Barakar series possess more swelling power than 
those of the Raniganj series. As has already been discussed, the 
swelling of coal is an integral part of the many factors in the process 
of coking. Coals of Barakar series are therefore superior to those 
of Raniganj series for the production of metallurgical coke. This 
conclusion coincides with the remarks observed from the study of 
the caking-index. But as the caking-index is a relative value — 
no generalisation should be made between the caking-index and the 
swelling power of coal. 

Again the curve of Samla coal which is definitely a non-caking 
coal finishes in c and this is naturally to be expected from the nature 
of the coal. 

Further, from the curves of two coals Ea^t Balgora and Sendra- 
Bansjora, it is evident that they are extremely dangerous. Ap- 
parently from the proximate analysis and caking-index, it can be 
deduced that these two coals may be used in the coke-ovens but 
the swelling test is definitely against* their use in the coke-oven. 
Thus from the observation and deductions of the swelling test, the 
following conclusions are of importance for the operation of coke- 
oven. 

Firstly , — Only those coking coals whose swelling curves fall 
under the category * harmless ’ should be used in the coke- 
ovens. 

Secondly , — ^Highly swelling coal should by no means be used. 

Thirdly . — Clues regarding the blending of coals are available* 
The highly swelling coal can be mixed vdth nonA^oking 
coals and the mixture can easily be used in the coke- 
ovens. 

B 
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From these considerations, broad and comprehensive ideas about 
the production of cokes of good quality as well as the condition 
for the smooth running of the coke-plant may be obtained. 

3. DECOMPOSITION POINT AND THE SOFTENING POINT OF 

COAL. 

Of the important factors that control the process of carbonisa- 
tion in the coke-ovens, the effect of the caking-index and the swell- 
ing properties of coal has already been discussed. Now the study 
of the decomposition and softening points of coal will be of sj)ecial 
importance because of their fundamental roles in the plastic zone. 
The classical researches of Foxwell (1924, pp. 122. 174, 2tM3. 227-76, 
315, 371, 1932, pp. 370), Audibert and Delmas (1927, ]>. 1), and 
Davis and Mott (1933, p. 330) have furnished fundamental data 
regarding the plastic zone and the formation of coke during the process 
of carbonisation. During the process of carbonisation, all coking 
coals pass through the plastic stage, where active decomposition 
of coal — ^particularly of the bitumen in the coal, takes place, the 
swelling begins and is accompanied by the softening of coal and 
transient liquefaction occurs at this stage. Hence it is during 
this plastic stage that the coal particles inter-mingle together, 
liquefy and then solidify with a new cellular structure and as the 
temperature rises ‘^(450-500^0) a fairly homogeneous mass ‘ semi- 
coke ’ is formed and at still higher temperature when the last dis- 
tillation is complete, a coke of hard and rigid structure is obtained. 

The strength of the cell-wall of the coke, as has been thoroughly 
investigated by Foxwell, is dependent upon the size and density 
of coal, rate of heating, the temperature of the formation and the 
path of travel of the principal by-products, the degree of freedom 
of expansion and the final temperature to which the oven is heated. 
So It is evident that the plasth* stage is of prime importance in 
studying the mechanism of coke-formation. In order to have good, 
uniform metallurgical cokes, the coal must pass through an orderly 
sequence of stages and hence the studies of the decomposition and 
the softening points of coal which play important roles in the plastic 
zone are of vital necessity. 


Decomposition points. 

The determination of the decomposition points was carried out 
exactly after the well-known method of Fischer, Broche and 
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Strauch (1925, p. 34). The principle of the method lies in filling 
up a hard glass test-tube with pieces of coal and then heating it on 
a sand-bath. The test-tube is connected with a gas-collecting bottle 
filled with water saturated with NaCl and by-product gas. From 
the bottom of this a glass tube is connected with a measuring cylin- 
der filled with 30 c.c. of water saturated with NaCl. As the coal 
is heated the air is first expelled and then, gradually with the rise 
of temperature, a point is reached when the coal decomposes and 
the first drop of Tar appears. The whole apparatus is then allowed 
to cool and if the actual decomposition takes place —there is a 
rise of water level in the measuring cylinder. This rise is of course 
due to the gas produced at the decomposition of coal. 

In the following table are given the results. 

Table 6. Resijlts of Decomposition Points ok Indian Coals. 


Jiarakar Series , — 

Kuetore 






Seam. 

11 

Decompoai- 
tion Point. 

290"C 

Kustore 






13 

260 V 

Gopaliohak . 






14 

256*0 

Malkera 






. 15 

278*0 

Bhagatdih . 






. 11 Sec. B 

295*0 

Katras 






. 11 

309*0 

Loyahad 






fo 

295*0 

SijuB . 






16 

230*0 

Jamadoba 






17 

258*0 

Kirkend 






. 13 Sec. A 

244*0 

Busserya 






12 Sec. A 

248*0 

Victoria West 






. Top Ramnagar 

212*0 

\ ii toria West 






Bottom Ramnagar 215*0 


Baniganj Series , — 


^;eevalpur Dishergarh 226X 

Disbergarh Do. 2S0^C 

Aldihi Do. 295^0 

Parhelia Do. 232*^0 

DeoUt Do. 235*^C 

Methani Do. 238^0 

Tapoei .••••«. Chowkidanga 240'’C 

Cbaranpnr Ponaiti 220*(J 

Samla 9 ft. grade 210*0 
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Fiom the table it will be evident that decomposition points of 
coals of Barakar series are in general higher than those of the Rani* 
ganj series. 

Softening point. 

Various methods for the determination of softening points and 
hence the plastic zone have been adopted from time to time. The 
methods may be classified as follows firstly— method based on 
the penetration system [Damm (1928, p. 1078), Agde and Lynckner 
(1929, p. 86), Kattwinkel (1930, p. 329)], secondly— method based 
on the measurement of torsion [Davis, (1931, pp. 43-45)], thirdly — 
method based on the change of pressure during the plastic stage 
[Porter (1931, p. 613)], fourthly— method based on the measure- 
ment of change in the resistance offered by the coal layer when 
heated [FoxweU (1924, p. 123)], [Davidson (1930, p. 489)] and 
Bunte, Bruckner and Ludwig (1933, pp. 765-70). The estimation 
of softening point of coals was made according to the method of 
Jenkner and Heuser using penetration system. Full details of 
the apparatus are shown in fig. 4. 



Eltelrie om 
ThtmMiit 

Cmttr wiigMs 

Thtrititelemitt: 

ItigiMng Oram 
Cal pallet 


Fio.4. 


3 grams of finely powdered and air-dried coal are pressed into 
a brick (f) of the following dimensions (13 mm. diameter and 19 
height). It is then placed in the vertical electrical mufEle. A 
pressure plunger (c) with the thermo-element (d) is just placed 
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upon this brick (/>and the mufilo is heateci upto 250°t) in 16 to 20 
minutes —then the heating is so regulated that rise of temperature 
should not be more than 10 degrees per minute. The softening 
point is registered on continuous strip of paper in drum e. 

The results are given in the following table. 


TaBKK 7. — SoFrKNING POINTS OF INDIAN OOALS. 


ttarahar Neries.— 

Seam. 

Softeoiu^ 

fioiiit. 

KuHtore , 

M 

418‘’(' 

KuMtore 

l.*l 

:i76*’0 

G'opalic.bak . 

J4 


Mttikera 

16 

4 lire 

Uhagaldili . 

1 1 StHI. U 

4m^ 

Katras 

11 

4UrO 

Ijoyabad 

15 

39rA} 

Sijua . 

10 

380“(3 

Jamadoba . 

17 


Kirkend 

i:iSec. A 

mn* 

UuBserya 

1l»Spc. A 


Victoria West 

Top Hamnugar 

3K0‘'(; 

Victoria M'est 

Uuttoin Kamiia|,(ar 

38.5' (’ 


Haaiijanj Serit '>. — 

• 


Seetalpur 

. . . . . J liuliergarh 

3Hr»‘’(! 

Difikergarh . 

Do. 

410%’ 

Aldihi . 

l>o. 


Parhelia 

Do. 

3m: 

l>eoli . 

. . . • . . Do. 

3m; 

Methani 

Do. 

3mj 

Toposi 

. . . Cbowkidao/'u 

396 c: 

Charanpur . 

r^oniati 

360«C 

Samla . 

0 ft. i;rad<‘ 

370% 


From the results, it will be found that the coals of the Barakar 
series (Jharia field) have higher softening points than those of Karii- 
^anj series (Raniganj field). The significance of the softening points 
will be brought out when dealing with blending of coals later on. 


c 



21? 


Recmih of the Geological Survey of India, f VoL, LXXV. 


4. BLENDING OF COALS. 

The blend injr of coals deserves special attention because of our 
limited resources of good quality coal. In the interest of the 
healthy growth of industries, it is our bounden duty to regulate the 
definitely limited assets of the country and the abnormal waste 
should by all means be prevented. A thorough investigation on 
blending of non-caking coal with (liridih coal was carried by Dr. 

S. Fox (1929, p. 294). 

For metallurgical purposes, it should be the guiding pirnciple to 
have a coke homogeneous, rigid and strong. Therefore, in blend- 
ing coals of different seams and of ilifferent qualities, the following 
factors of importance slioulcl be carefully considered : - 

(1) Proximate analysis. 

(2) Laboratory distillathin results at 

(3) Caking-lndex, 

(4) Swelling properties. 

(5) Deconqiosition and softening points. 

(6) The con.stituent parts. 

'Fhe function of each of these factors has already been fully 
discussed. The ush-content of the coal has an important bearing 
because of the heat-value of (‘.oke in the blast furnace ; likewise the 
sulphur-content and phosphorus-content bear important relation to 
the blast-fui nace jmictice. From proximate analysis, di.stillation 
restdts, cakiiig-index,* constituent parts, and softening point a clear 
idea ol applicability of coal to the coke-ovens is obtained. 

From the consideration of the above factors the following can 
be inferred. 

(1) Coking coals with good caking-indices having similar decom- 

position points and softening points may produce good 
coke. 

(2) Coking coals with liigli swelling properties can be mixed 

with other diluents such as coke-breeze or non-caking 
coal for the production of good cokes. 

(3) Coking coals with high caking-indices and low volatile-matter 

content can be mixed with gas-coal for the production of 
good cokes. 

In view of the above facts, Laboratory Studies have been made 
under conditions approximating to those of actual coke-oven practice. 
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The Results are given below. 


Table 8.--Re.sults op blknoixo Jmaria poals. 


l>i'i»iTiptioii Ilf 

IVr rent. 
IVikr. 

Per eenl. 
Till . 

1MI4) .S(», 

In Mm. 
pi-r fun. 

Mhk in I'll, 
ft. ivr ton. 

Quality Ilf ('like. 

<ii) t'okinic-tMMil of JliarlH 
fleld p»*-r tmt . 

4 

Cokc-brcpac 5 |mt 

ITIlt. 

74 W) 

a- Ml 

is-yj 

in.4im 

Siiltalde for line in the 
lilavtd'tiriinrr. 

\h) C'okJntf-oiial of Jharia { 
Held Mft por ppiit. 

■r 

f»«a M)all5i>or emit. 

T *.!-30 

:» IS 

1 S-.SS 

I0.S.S8 

1)0. 

(r) CokinR-nial of .thnrla 
field H5 fM'T cent. 

Xon-eakiiift roal 1 r> 
per rent. 



I J* “jn 

1(1, .'.1 a 

1)0. 


The average resulls of live experiiitent.s are lecordwl in each 
case. The selection of jliiii<‘n(.s mu’Ii ms cokc-lireey,e uinl non-caking 
coal will he evident fnnn the fai’t that I are very easily available. 
The result clearly shows how tlie blending of coking coals with other 
diluents oaii be made use of without affecting the good (jualilA of 
coke. 


5. CONCLUSION. 

Considering the ever-growing interest ic the technical utilisation 
of coal and the limited resoun-es of the coking coals of our «;ountry, 
the characteristics «)f the <-oking coals foi tin* )mMJuction of metallurgi- 
cal cokes deserve special attentitm. The relation between the. 
caking-index and the proximate analysis, ultimate analysis and high 
temperature distillation prodmis, has been st.udied. The swelling 
property of coal has also l»een tin roughly dealt with lieA-ause, of its 
important role in the (!oke formation as well as its effect on the life 
of the coke-plant. The effect of the dec,*)mj»osition and softening 
points in the plastic-zone has likewise, been discussed and from the 
study of all these factors, important clues reganling the formation 
of cokes of uniform, rigid structure by selecting different coking- 
coals can be ascertained. Further, important deductions for the 
blending of coldng-coal with some diluents such as coke-breeze and 
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noTi-r;n.kin^ c*oals, oto., oan also bo mafic. Obviously, these studies 
will fiirnisli desirable data for tlie wise and economic utilisation of 
tin* admittedly limited coal-assets of the country. 

Finally I would express my tlianks lo Mr. B. It. Gee, for useful 
criticism in connection w'ith tlie writing of this paper. 
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L INTRODUCTION. 

JVior to recent ^^eoIop;ieaI work in Assam, (iertain coal-bearing 
sandstones occurring lieneatli known J’lociMic strata in the (Jaro 
and the Kliasi hills were regarded as tfretaceous in age. llecent 
i rives ‘igat ions by Dr. C. S. Fox in tlic (biro hills, liowevor, have 
led him to conclude that these so-called ‘ Orctac.eous * sediments 
actually form a connected sequence*, with the overlying Eocene 
and are, in fact, a part of the basal Tertiary succession. The coal- 
bearing Cherra sandstones of Mawbchlarkar (25^' 24' : 91° 45') in 
the Khasi hills were also previously correlated with the above men- 
tioned ‘ Cretaceous ’ sandstones of the more western outcrops —in 
the Garo hills — but, on studying the sequence Dr. Fox came to th© 
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concluBion that the Cherra sandstones also fonned a part of the 
Eocene succession of Assam (Fermor, 1935, p. 82). 

About the beginning of the year 1935, Dr. Fox deputed me to 
investigate further the stratigraphical position of the Cherra sand- 
stone as developed along the southern side of 
cope of work. Shillong plateau, and initiated me into 

the geology of tie Khasi hills at Therriaghat (25® IT : 91® 46') where, 
on the east bank of the Uiii Sohryngkew, the Cretaceous and Eocene 
beds arc best developed. At his suggestion, the Cherra band was 
separately mapjjed from the fossiliferous Eocene (Nummulitic) beds 
above it and the fossiliferous Cretaceous below it. 

The area, which is a portion of the Shillong plateau of the Khasi 
hills, surveyed by me during the field seasons 1935 to 1937, Hes 
between the parallels of latitudes 25° 10' and 
25® 30' and longitudes 91® 37' and 92® 00', 
and is covered by the one incli sheets 78 0/11, 
0/12. 0/15 and 0/16. It is bounded by the Umievr river on its 
western and by the Um Ngot on its eastern sides respectively. 

Previous workers in the area included T. Oldham, whose obser- 
vations on the sedimentary beds of the Khasi hills are recorded 
in the first volume of the memoirs of this 
revious workers. department (Oldham, 1858, p. 99, etc.). Old- 
ham introduced H. B. Medlicott to the area and the latter wrote a 
valuable account of the geology of a strip of the Shillong plateau 
between Shillong (25® 38' : 91" 56'), Sheila (25® 11' : 91° 38') and 
Therriaghat (Medlicott, 1869, p. 151, etc.). The eastern portion of 
the area was mapped by P. N. Bose in the early years of the present 
century. Mention may also be made of T. H. D. La Touche, who 
studied the coal deposits of Cherrapunji (25® 17' : 91® 44'), Laitryngew 
(25° 20' : 91® 44') and Mawbehlarkar (La Touche, 1889, p. 169, etc., ' 
and 1880, p. 120, etc.). 

Originally, the term ‘ Cherra series ' was used by Medlicott for 
the infra-Nummulitic sedimentary beds of the Cherraj)unji area. 

He left the exact horizon of demarcation bet- 
omenc re. (Cretaceous and Eocene in doubt but 

seemed tr» be in favour of grouping the Cherra band with the 
nummulitic rooks above it (Medlicott, 1865, pp. 31 and 37). 
Later he used the name ' Cherra sandstone ’ for the same beds 
coming above the fossiliferous Cretaceous and below the Num- 
inulitic limestone of Cherrapunji (Medlicott^ 1869, p. 169, etc.). In 
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the last paper he entered into a lengthy discussion for placing the 
Cherra band in the Cretaceous but could not produce sufficient 
evidence to support his views and was not in a position, therefore, 
to pass any opinion about its age. 

In the light of present day knowledge resulting from my own 
field work in the Khasi hills and the works of Dr. Fox in the Garo 
hills and Mr. P. N. Mukerjee in the Jaintia hills, the Cretaceous 
appears to be more limited in distribution and extent than was 
previously supposed. Most of the beds mapped as Cretaceous in 
the Garo and the Khasi and Jaintia hills have proved to be the 
Cherra sandstone, which is now regarded to be Eocene. 

The Shillong plateau is an old land surface made of pre-Cambrian 
nietaniorphic and igneous rocks. The southern part of the plateau 
is occupied by basaltic lavas (Sylhet trap), 

thfSSptaSli? Cretaiwus and the 

Eocene sediments. On the plateau, the sedi- 
mentary beds have a gentle southerly dip but below Mahadck (25° 
13' ; 91° 46') and Nongwar (25° 13' : 91° 39') they plunge at a steep 
inclination towards the south. These beds thus form a monoclinal 
fold, the axis of which runs between E.-W. and E. S. K.-W. N. W. 
The crest of the fold appears to be faulted. As the area lies in a 
region of heavy rainfall, denudation has been ve^y at^tivc along this 
zone resulting in steep escarpments, which overlook the swampy 
plains of Sylhet district from one end to the other. 

Dr. Fox considers the structure of the Assam llange to l>e a 
warp due to the southerly thrust of the Himalaya and that the 
southern edge of this warp has become a monoclinal fold in the 
Khasi hills and an overfold and thrust fault in the Garo hills (Heron, 
1937, p. 92). 

II. DISTRIBUTION OF THE CRETACEOUS OF THE SHILLONG 

PLATEAU. 

lu the submontane tracts on the southern side of the Khasi 
hills, the Oetaceous formation is represented by arkose and massive, 
e ... . ...... gritty sandstone, the upper part of wliich is 

soft, ochreous and earthy and highly fossili- 
ferous and seems to correspond to Medlicott’s Mahadek Stage 
(Medlicott, 1869, p. 178). The stage has a very limited north and 
south range and cannot be identffied everywhere. It is overlain 
by mudstone, calcareous shale and impure earthy and sandy lime> 
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Btone correfipondinp to his Langpar Stage {op, cit. p. 178). On the 
east bank of the Uni Sohryngkew, the earthy limestone he^'omes 
progressively more eah^areoiis and ]iaMscs upwards into a well- 
bedded, massive limestone, |)iaetically devoid of fossils, Medlicott 
plaeed the limestone at the base of his NummulitK' series {op. rit. 
p. 164). 

Between Sheila and Therriaghut the l>asal part of the ( Cetaceous 
sandstone is either missing ot not well exjiosed for study. Only in 
one section in the Urn Niuh mlo. K. S. E. of Nongiri {2^ 12' : 01® 
48'), the base of tfie sandstone, near its junction with the under- 
Sylhet Traj), was foiitul to consist of fine-grained calcareous 
sandstone with a few pebbles in it. Between Sheila aiul Tuning 
(26® 11' : 91° 51') the sandstone, <)ver a thousand feet thick, is 
iossiliferous, more particularly near the top, and has a moderate 
dip of 25°-30° in a soutlieriy direction. TIk; dij) steadily lessens 
in amount cast of Tuning, an<l at Dawki (2.6’ 11' : 02" 01') it is 
as much as 15°, The basal sandstone thins out to the north and 
east and includes bunds of conglomerate, of variable thickness, 
at its base. These are first noticed on the* spur (*ast and south- 
east of Tyrna (25° 14' : 91° 41') and ou the ridge south of Laitiam 
(25° U' : 91° 45') and Kyngud (25" KV : 91" 46'). 

The conglomerate assumes importance further, north and in the 
scarp sections east and R. S. K. of Cherrapiiuji, is nearly 200 feet 

Cherrapunii plateAi. overlain, first by massive 

sandstone (400-5(K) feet) and then by the hand 
of calcareous shale and earthy limestone (l^angpar baud), the latter 
coming below the Cherra band. On the road to Nongpriang (25° 
17 : 91 46 ), north of (lierrapunji, the Cretaceous conglomerate 

is over 100 feet thick and is overlain by sandstone, shale and sandy 
Langpar limestone, the latter occurring beneatli conglomeratic and 
pebbly sandstones that form the ba.se of the Cherra stage. In the 
Cherra gorge, iimnediately north of the main village of Cherrapunji, 
the Cretaceous conglomerate is 50 feet thick and in the cliff section, 
west of *2406, it is less than 30 feet. The massive Cretaceous 

sandstone thins out very rapidly from Cherrapunji northw^ards, 
finally disappearing south-^west of the waterfall -1023. East of 
the same falls, about a mile and a quarter south of Laitryngew, the 
Cretaceous consists of the Langpar band of earthv and sandy lime- 
stone with two pebble bands, each 18" thick, at its base. The 
conglomerate is well developed on the terrace, south of Laitmawsiang 




Genenlued diagramiiiatic section of the Shillwig Plateau shoeing 
mik, Vertioal IV»le : exaggerated. 




G Records of the Geological Survey of India. [ Vol. LXXV. 

(25*^ 18' : 91° 45') and can be traced as far as Laitryngew, north of 
which it is entirely absent. It is overlain, on this eastern side 
of the Cherrapunji plateau by the Cherra sandstone beginning with 
a pebble band at its base. It will be apparent that on the eastern 
side of the Laitryngew-Clierrapunji terrace there is a progressive 
overlapping of the lower bands of the Cretaceous by the higher 
ones and a general thinning of the entire succession in a northerly 
direction. The age of tlut basal conglomerate, formed in a trans- 
gressing sea, is progressively younger as we go northwards. 

On the western side of the Cherrapunji plateau, overlooking 
the valley of the Umicw river, the Cretaceous is represented by 
about a couple of hundred feet of massive sandstone. The basal 
conglomerate and the calcareous earthy l)eds of the upper horizon 

are absent. The massive sandstone is followed above by two or 

three pebble bands, each eight to ten feet thick, apparently at the 
base of the overlying band of the Cherra sandstone. This conglo- 
merate is different from the lower conglomerate so w^ell developed 
on the eastern side of the plateau and seems to belong to the Cherra 
stage. The sheer cliff formed by the Cretaceous sandstone thins 

out further north and disappears under the upper cliff of Cherra 

sandstone, south-east of *4430, S. S. VV. of Ryngimawsaw (25° 20' : 
91° ^1'). Looking westwards along the cliff face below Mawsynram 
(25° 18' : 91° 35') the lower sandstone band of the Cretaceous can be 
seen thinning dn a northerly direction. 

Along tlie south-eastern side of the Khasi hills, the Cretaceous 
l)eds are not so w^ell developed anil the upper beds are frequently 

away. The massive sandstone shows 
out east as i s, thinning in the Um Kreni, the Urn ^ 

Lyngdoi and the Um Jashar valleys. The sandstone with a pebble 
band at its base in the valley of the Piyan Gang near Dawki is 
considerably reduced in thickness. Between Dawki and Mawshun 
(26° 14' : 91° 58') the sandstone thins rapidly. The basal conglo- 
merate, at first, is associated with massive sandstone supporting 
the calcareous beds of the upper band but in a northerly direction 
the sandstone passes into sandy and earthy limestones carrying 
ochinoids and Ostrea. Pebbly sandstones and conglomerate, less 
than 50 feet in thickness, are exposed along the motor road between 
Phlangpontung (25° 15' : 91° 57') and Phlangudiak (26° 17' : 91° 
56'), where they are succeeded by ash coloured earthy and sandy 
limestone of the upper band. In the river beds east and north- 
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east of Mawlyndun (26® 16' : 91® 64'), the conglomerate is associated 
with the same earthy beds. 

Outliers of the Cretaceous conglomerate, from which the over- 
burden of the sandy limestone has been entirely removed by denu- 
dation, occur in the neighbourhood of the villages of Pynter (26® 16' : 
91® 58') and Mawpran (25® 18' : 91® 67'), and continue beyond the 
E.-W. >uila, immediately north of Waht)rr8aw (25® 18' : 91® 66'). 
In the bed of the nala, the conglomerate is over six feet thick and 
is overlain by Cherra sandstone. Pebble bands in soft sandy beds 
are present, near their junction with metamorphic rocks, on the 
footpaths descending to Myllad (25® 19' : 91® 56') and Mynrieng 
(25® 19' : 91® 53'), E. N. E. and north-west respectively of Pynursla 
(25® 18' : 91® 51') but they cannot be identified further north. It 
seems that the true Cretaceous beds do not extend north of Khyrwot 
(25® 19' : 91® 54') where, in the cliff section west of the village, 
the conglomerate, so well developed in the stream bods and on the 
motor road E. S. E. and south-east of Pynursla, is represented by a 
few scattered pebbles. 

It will Jiow be apparent that the Langpar band of calcareous 
•shale and earthy and sandy limestone is niorc consistent and wide- 
spread tlian the lower sandstone and it progres.siv(dy overlaps the 
latter shorewards in a northerly direction. On the Cherrapunji 
and the Thang Jnat plateaux it is possible to fix the northern boun- 
dary of the Cretaceous within a mile south of the ptirallel of latitude 
25° 20'. It is about this latitude that the calcareous earthy beds 
of the Cretaceous disappear. It may be observed in passing that 
R. W, Palmer noticed a break, within the Cr«aaceouB rocks of the 
western Khasi hills, roughly along the parallel of latitude 25® 22' 
(Palmer, 1924, p. 158). It is difficult to say whether the Cretaceous 
sea transgressed this line from the southern side or not, but evidence 
in favour of any such possible transgression within the Cretaceous 
period is wanting. 

111. GENERAL FEATURES AND DISTRIBUTION OF THE CHERRA 

SANDSTONE. 

Before dealing with the distribution of the Cherra sandstone, 

which overlies the fossiliferous Cretaceous and occurs below the 

Eocene Nummulitic (Sylhet) limestone, a short 

Lithology ol the description of its lithological and other features 
Cherra tamiitone. \ , mi m . 

may be given. The Cherra sandstone * is 
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csBentially a shallow water inarine deposit (Heron, 1939, p. 59). There 
is a possibility that the c;lay bands it contains may have been depo- 
sited under fluviatile and lacustrine conditions. False-bedding of 
the sandstone is very common. This suggests that the sandstone 
was subjected to strong cjiirrent action while it was being depositee!. 
Tliere is no constancy either of the texture, composition or colour 
of the sandstones whicli vary from place to place. The sandstone 
is fine - to (coarse-grained in texture and is sometimes very hard 
and (x>m})act and makes good building stone. At many places, 
however, it is extremely friable and j)owdery. It is felspathic at 
places and highly quartzose at others. Between Therriaghat and 
Mawhlang (25° J4' : 91° 44') there are evidences of the sandstone 
having been formed by tlie leaching out of the calcium carbonate 
of a sandy limestone and secondary (|uartz has been noticed in the 
sandstone formed as a result of the replacement of the lime of the 
sandy limestone by silica. The .sandstone is frequently pitted, 
very likely due to the falling out of nodules of pyrites, which have 
been noticed at many places. Efflorescence of sulphur is quite 
common. As a rule the sandstone is light cream and buff coloured 
but it also presents a variety of other colours and carries bands 
of variegated sandy shale and lumpy mottled clay. Sometimes 
the sandstone carries bands of carbonaceous shale and at places 
it is definitely carbonaceous. In the Mawsmai Falls, a thin band 
of coal was notjeed in the sandstone and at Mawbehlarkar the 
Cherra band carries a workable seam of coal. Indistinct plant 
remains are noticed at places in the sandstone otlierwise it is 
practically devoid of fos.sils, which have only recently been found 
at one place in the Khasi hills (Heron, 1939, p. 60). 

At the foot of the Cherrapimji plateau, in the neighbourhood 
of Therriaghat, the Cherra stage is represented by massive lime.stone 
pas.sing upwards through a sandy limestone 
rlaKhat^ ^****^' ^ grained, yellowish sand.stone show- 

ing ill-preserved plant remains in all some 
400 feet thick. On the east bank of the Um Sohryngkew', the 
lower part- of the limestone is earthy and grades downwards into 
the impure, earthy limestone and calcareous shale (Langpar band) 
of the Cretaceous. Medlicott placed the massive limestone bancl 
at the base of his Nummulitic series and its position above the Lang- 
par band agrees with this classification (Medlicott, 1869, p. 164). 
Tha overlying band of the plant bearing sandstone is succeeded by 
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the foraminiferal limestone belonging: to the lowest band of the 
Sylhet limestone (Heron, 1936, p. 85). 

Althougli the Cherra stage is present on the hills south and 
E. S. E. of Nongiri, it is not well represented in the area between 
Tlierriaghat and Sheila, where the country is very broken. 
The partial absence of the beds of the stage may be in part 
ilue to local slips and to the underground solution and removal 
of the limestones and sandstones and thus causing the upjier 
beds to sag and collapse. On the terra<‘e, west of Mabadek, the 
Cherra beds have been removed by denudation but they are 
present as outliers on the ridges on whitdi are situated the villages 
of Nongwar and Laitkynsew (25" 13' : 91" 40'). 

The Cherra ])and is best developed on the Cherrapunji plateau, 
where tlic succession consists of 3(M)-4(K) feet of sandstones with 

, interbedded shales. The sandstones are almost 

CherrVpun)^ plateau. horizontal and when inclined have a very gentle 
dip towards the south. They can be traced 
as a continuous band for about ten miles in a north-south direction 
between Mawblang on the .south and Lad Mawphlaug (25® 22' : 
91" 45') on the north. South-east of Cherrapunji as well as in the 
.\Iawsmai Falls, the beds are pebbly at certain horizons, more espe- 
cially in the lower part of the stage, which rests on the earthy and 
sandy liine.stone belonging to the Langpar band of tlie Oetaceous. 
At the cliflF section at ttangsanobo (25" 15' : 91" 44'), *soutli of Cherra- 
punji, tlie Cherra sandstone is conformably overlain by Nuinmnlitic 
limestone, no sign of any physical break bein*/ visible between the 
two sets of beds. 

Infra-Nummulitic sandy limestone, similar to the Cherra lime- 
stone at Therriaghat, was noticed in a stream section, west of the 
path from Mahadek to Mawsmai (25" 14*' : 91" 44'). Here also the 
calcareous earthy beds of the Cretaceous pass upwards into an 
impure, earthy limestone with subordinate dark grey, carbonaceous 
shales and bauds of a bluish limestone. Higher up the band the 
limestone becomes sandy and grades into a calcareous sandstone 
first and then into a pure sandstone as at Therriaghat. This is 
the sandstone, which builds up the southern edge of the Cherrapunji 
plateau. The above-mentioned limestone cannot be traced north- 
wards around the cliff sections of the Cherrapunji plateau, excepting 
on the descent to Nongstein (25" 17' : 91" 39') where an algal lime- 
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stone, some 200 feet thick, was noticed in coiresponding position 
below the Cherra sandstone about 360 feet from the top of the 
descent. The limestone rests on a band of sandy clay with a 
conglomerate about ten feet thick at its base. The succession 
is underlain by massive Cretaceous sandstone. While the absence 
of the limestone may possibly be due to a substitution of the calca- 
reous facies of the submontane tracts on the south by an arenaceous 
facies of the Cherra followed by the Nummulitic (Sylhet) limestone 
beds on the north, the possibility of the former existence of the 
Cherra limestone cannot be overlooked, since the presence of large 
swallow holes in the Cherra sandstone, west and south-west of the 
motor road at Mawblang, suggests the occurrence of a soluble band 
as limestone below the sandstone. Similar sw'allow holes are present 
in the Cherra sandstone on the southern side of the Thang Jnat 
plateau near the villages of Wahmawsiang (25° 14' : 91° 51'), Nong- 
phlang (25° 14' : 91° 54') Mawkinber (25° 15' ; 91° 54') and else- 
where. 

Along the footpath descending to Nongriat (25° 15' : 91° 40') 
W. S. W. of Cherrapunji, the Cherra band becomes pebbly and 
conglojueratic near the base, resting on the sandy Langpar lime- 
stone. Similar pebbly and conglomeratic sandstone bands, in cor- 
responding position, are present in the Mawsmai Falls as well as 
on the eastern side of the Cherrapunji terrace and can be traced 
along the cliff lections at Falls -1023 to Laitmawsiang-Mawlyndier 
(26° 19' : 91° 40') terrace resting on Cretaceous beds. The pebble band 
becomes the basal conglomerate of the Cherra stage, east of Lait- 
ryngew, where it rests upon a thin sandy band, possibly belonging 
to the Cretaceous. East of Sohrarim (25° 21' : 91° 44') there are 
two conglomerates within the Cherra sandstone stage. The upper 
one appearing some 200 feet from the top of the plateau and is 
separated from the basal conglomerate, about 150 feet thick, by 
alternating bands of fine grained and pebbly purplish and cream 
coloured sandstones. On the western side of the Cherrapunji 
plateau, the Cherra conglomerate appears much further south, 
where it occurs at variable depths at the base of the Cherra stage. 
On the descent to Umblai (25° 17' : 91° 39') the pebbles are embedded 
in a calcareous matrix, which yielded a solitary shark’s tooth be- 
longing to the genus Odontaspis and a few crushed bivalve shells. 
The conglomerate on the western side of the plateau increases in 
thickness in a northerly direction and is well developed on the 
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terraces overlooking the valleys of the Um long, Um Jaut and 
Umiew rivers, west and north of Sohrarim and more than one such 
band is present in the sandstone. The conglomerates with their 
overburden of sandstone rapidly thin out north of Sohrarim, the 
basal band on the eastern side uniting with its counterpart on the 
west just north of Lad Mawphlang and the two are met with as 
one discontinuous band along the Lsdtsopliah (25^ 23' : 91^ 46') 
ridge in a barrier of metamorphic conglomerate and quartzite of 
pre-Cambrian age to Mawbehlarkar, where the Cherra sandstone 
carries a coal seam and a band of coal shale. A plant impression, 
similar to that noticed in the plant-bearing sandstone at the Ther- 
riaghat section, was found in the carbonaceous shale of Mawbehlar- 
kar. Thin outliers of the sandstone with the underlying conglo- 
merates are present as far north as Steplakrai (26® 25' : 91® 46') 
and also on the hills near Lum Didom, Liim Kyrphai, Urnsawmat 
(25® 24' : 91® 42'), Lyngiong (25® 26' : 91® 42'), etc., further north 
of which the band is very thin and at places consists of loose pebbles, 
the cover of the sandstone having been eroded away. On the 
hilltop east of the river Um Sohra, outliers of the Cherra sandstone 
and conglomerate occur at Mnwrap (25® 23' : 91® 47') and Maw- 
thawtin (25® 22' : 91® 46'). The exposure east of Diengsaw (2r>® 
21' : 91® 46') includes highly carbonaceous and pyritic sandstone 
near the base. 

The Cherra sandstone stage is not well dcvelojjed on the eastern 
side of the Khasi hills, having been considerably removed by denu- 
dation from the southern edge of the Umniuh 
KImrihnis ***"*" *”**”* 50') plateau, only a small patch 

occurring on the northern side. Between 
Ringer (26® 14' : 91® 54') and Sohlait (26® 14' : 91® 52'), the sandstone 
supports dislodged blocks of a sandy lirpestone, very likely the lowest 
band of the Sylhet limestone. The Cherra sandstone continues 
northwards under a thin band of lower Sylhet limestone supporting 
sandstone with coal at Thang Jnat (25® 17' : 91® 64') and LyngWdem 
(25® 21' : 91® 54') and ends near Ryngian (25® 22' : 91® 53'), where 
it has a thin pebble band at its base. The Cherra sandstone country, 
south of the Thang Jnat plateau, is very rugged and broken and 
consists of swallow holes and tumbled masses of the dislodged 
sandstone. 

Outliers of the Cherra sandstone are present at several places 
farther north, the most conspicuous of them oceurring south of 
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Mawlyngngot (26® 24' : 91® 56'), where the stage is represented by 
a conglomerate, about 70 feet thick, overlain by a false-bedded 
sandstone of similar thickness. Here and there on the plateau, 
east of Laitlyngkot (26° 27' : 91® 50') may be found thin skins of 
pebbly sandstones resting on kaolinised granite and east of Phan- 
sawnit (25° 28' : 91® 53'), an outlier of the sandstone rests on a zone 
of lithomarge. 

It will be noticed that the Cherra conglomerate is extremely 
variable in thickness and disposition. Although to some extent 
an uneven land surface may account for its 

CliiulTcoiyiomcralr.**** inconsistencies, it is easy to visualise that in 
early Cherra time.<< the sea bed was oscillating 
and regression and transgres.sion of the sea was a common feature, 
resulting in similar phenomena. Tn the case of marine deposits, 
when the overlap is of a compound regressive-transgre-ssive nature, 
the basal conglomerate will rise in the geological scale seawards in 
the C/Ose of tlie former and shorewards in the case of the latter. 
This would account for the presence of more than one band of con- 
glomerate in difTerent horizons of the Cherra stage, until more stable 
marine conditions were finally established. 

'The Cherra sea must have continued north of the axis of the 
present Khasi hills plateau, as is indicated by the widespread distri- 
bution of isolated outliers of the stage. Such 
the*CherrB"»es.**"***" c * outliers frequently carry thin bands of litho- 
marge pointing to the condition of weathering 
in a moist tropical climate that preceded the deposition of these 
beds. A narrow outlier with a thin conglomerate at its base occurs 
at Laitdom (26° 36' : 91® 40') but, more important, is the faulted 
outlier at Nongkhrong (25° 37' : 91° 21'). The latter contains 
marine fossils of which the forms Area, Corbula and Leda could 
be recognised and some imperfect casts of gastropods and a coral 
(? Trochoeyathus). 'The sandstone, in which these ’ fossils occur, is 
only a few feet thick, and is underlain by gneisses and abuts against 
lateiite on its eastern side (Heron, 1939, p. 59). Dr. Fox considers 
the beds at the Um’ Rileng coalfield, seven miles north-west of 
Shillong to correspond to the Cherra sandstone stage (Heron, 1937, 

pp. 86-86). 

IV. SYLHET LIMESTONE STAGE. 

The Cherra sandstone stage is succeeded upwards by the Sylhet 
(NuEunulitic) limestone stage, which consists of limestone, sandstone. 
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shale and coal. The most complete succession of the stage is on 
the east bank of the Um Sohryngkew, wliere it is represented by 
tliree highly fossiliferous limestone bands separated by sandstones 
of variable thicknesses. The uppermost limestone is mostly built 
of large and inediuin sized Nmnmuhte and AssiHva. Between 
Therriaghat and Sheila the band is overlain at places by an earthy 
limestone and marl entirely made of IMHcocyclhm. The middle 
limestone is teeming wdth AlveoUva, while the third or basal lime- 
stone shows sections of gastropods and tiny foraminifera. The 
sandstone below the Alveolim limestone carries coal south of Maolong 
(25° 13' ; 91° 42'). On tlie .southern side of the Olierrapunji plateau, 
the nummulitic bed.s above the Cherra sandstone have been removed 
by denudation. In the Rangsanobo cliff, the stage consists of a 
sandy limestone supporting a sandstone with a coal scanu The 
limestone,^ which appears to corresj)ond to tlui basal band of the 
Sylhet limestone at Therriaghat, overlies llie Cherra sandstone in 
normal stratigraphical sequence and no sign of any ])hy8ical break 
is visible between the two. In comparison with the development 
at Therriaghat, the limestone is considerably attenuated at Rang- 
sanobo and rapidly thins out northwards, ft is present at several 
places in the scarp sections between Cherra punji and Laitryngow 
and is last seen near the villages of Mawkma (25° 20' : 91° 43') and 
Laitlyndop (25° 20' : 91° 42'). The diminution in the thickness 
of the limestone northwards is, however, accompanied by a corre- 
sponding increase in the thickness of the overburden of saralstone, 
which in places, when the limestone is absent, passes imperceptibly 
downwards into the Cherra sandstone. The passage in such cases 
is so gradual that it is difficult to delineate the Imundary between 
the two stages owing to the lithological similarity of the Cherra 
and the Nummulitic (Sylhet) sandstones. There is no evidence on 
the Shillong plateau of the beds of the Sylhet (Nummulitic) limestone 
stage north of a line joining Lyngkcrdem and Sohrarim. 

The difficulty of differentiating the Cherra from the Nummulitic 
(Sylhet) sandstones on the Cherrapuriji plateau was a<lmittc(l by 
Similarity of Cherra ^^dlicott (1869, p. 168). The two sandstones 
and Nummulitic (Sylhet) have features in common which at once suggest 
sandstones. being parts of the same gnmp and 

^ It HhouJd be noted that the forms Atmiliwi and AlvMfui found in the two upper 
limestones at Therriaghat have not been recorded anywhere on the Oherrapunji pJateau. 
The Cherrapunji coal occurs in the same straUgraphical horizon as the coal at MiMifeong. 
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different from the fossiliferous Cretaceous sandstone. The sheer, 
wall-like scorp caused by the massive and riidel> bedded Cretaceous 
sandstone can l)e easily distinguished from the overlying cliff of 
(Jherra and Nuinmulitic (Sylhet) sandstones, with their numerous 
phmes of bedding and intercalated shale and clay. The feature 
thus provi<led by these sandstones is very characteristic and apparent 
all along the (diffs overlooking the deep gorges that dissect the 
plateau. Further, the bands of lumpy, mottled clay and shale 
present in the Cherra and the Nuinmulitic (Sylhet) beds are absent 
from the Cretaceous strata. 


V. STRATIGRAPHICAL POSITION AND POSSIBLE AGE OF THE 
CHERRA SANDSTONE. 

It is the common rule to determine the age of any sedimentary 
deposit by means of the fossils it contains. The Cherra sandstone, 
liowever, is singularly lacking in decent fossils. 

ontM^lcareWdence!'**’ organic remains tha,t the stage has 

yielded are rather disappointing as they are 
badly preserved and do not admit of proper study. One has, 

therefore, to look for other evidences collected in the field. In 
fixing the slratigraphical position of the Cherra stage, the litholo- 
gical similarity of its sandstone and shale components with those 
of the Numimilitic (Sylhet) stage is a point in favour of regarding 
the two stages as members of the same group and separating the 
Former from the Cretaceous. It has already been stated that 

Confomiable sequence Cherrapunji plateau no sign of discord- 

of Cherra and Nnmmull- ance is noticeable between the Nummulitic 
tic (Sylhet) beds. (Sylhet) limestone and the Cherra sandstone. 

From iSohrarim northwards only Cherra beds can be traced and 
the northern outliers may be regarded to represent the higher beds 
of the same .stage of the southern side. Nowhere in the Khasi 
liills, has the Nummulitic (Sylhet) limestone been found to overlap 
the Cherra .stage and the recent surveys in the Garo and the Jaintia 
hills have disclosed the same phenomenon. Wherever the Nummu- 
litic (Sylhet) limestone occurs it is supported on a base of Cherra 
sandstone, suggesting the intimate association of the two. 

In the Khasi hills the Cherra stage has overlapped the Creta- 
ceous in a northerly direction. According to Dr. Fox and Mr. 

Mukerjee, the overlap has also taken place in 

vl ence « ove p. direction of the strike of the beds, west- 



Fsor. Pap. 4.] Qhosh : Cherra SandHone, Assam. 


16 


wards in the 6aio hills and eastwards in the Jaintia hills, su^esting 
the overlap to be widespread and regional. That the overlap took 
place after a period of readjustments of tlie land and sea at the 
end of Langpar time, .is well illustrated in the cliff sections in the 
Cherrapunji plateau. Tliis is the feature which Medlicott noticed 
in the cliff face below the main road south-west of the Mawsmai 
Falls {op. cit., p. 169) and which he thought to be a local feature 
due to false-bedding, naming it as ' pseudo-iuiconformability ’. In 
this section the Cherra sandstone is noticed to overlap, in a northerly 
direction, a sandy limestone, apparently the highest band of the 
Langpar stage of the Cretaceous. A similar feature is noticeable 
about the same horizon in the cliff face looking westwaids from 
Mawmluh (25® 15' : 91® 42') and also from Paraduloi (25® 18' : 91® 
41') towards Mawsynram. The overlaji is best illustrated in the 
cliff sections, east of the motor road between Cherrapunji and 
Laitryng^w. Looking towards the west from the Falls *1023, one 
can observe the earthy limestone band of the Langpar stage making 
an angle of 10®-12® with the overlying band of Cherra simdstonc, 
which is almost horizontal in this cliff. On a clear day the same 
feature is noticeable on a much larger scale looking from Pynursla 
towards Cherrapunji. 

This unconformable overlap, caused by tlie cust-ntic niovemen(.-' 
of the sea, indicates a definite break in tlie continuity of deposition 
in the Khasi hills during the Cretaceous-Kocenc interval. It is 
apparent that, following the dcpo.sition of the Langpar stage of 
the Cretaceous, the sea retreated southwards in that area and a 
gentle dip was imposed on the emerged Crel..ceous sediments. In 
the early Eocene, the sea again transgressed northwards resulting 
in the deposition of the littoral Cherra stage and the overlying 
variable strata of the Niunmulitic (Sylhet) sequence. From time 
to time during the Eocene, deltaic Conditions prevailed locally. 
Drifted vegetation brought from inland became buried in the sand 
and mud and was ultimately converted to coal, the larger accumu- 
lations forming definite seams intercalated in the sandstones of the 


Cherra and the Sylhet limestone, stages. 

The hiatus and the pause in sedimentation preceding Cherra 
times are farther indicated by the occurrence of several bands of 


EWdence of the Cherra 
congtomcrate. 


conglomerate near and at the base of the 
Cherra stage and by the absence of the Langpar 
band from the western end of the Cherrapjinji 
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plateau, where the massive Cretaceous sandstone is also attenuated. 
It is not unlikely that the attenuation of the Cretaceous beds may 
represefit a local break in sedimentation in Langpar times which 
became a general feature of the plateau later on. While the Langpar 
stage was being deposited on the eastern side of the plateau, an 
upward tilt of the sea bed on the western side would bring the 
Cretaceous strata within the reach of the agencies of denudation and 
so thin them down by erosion. 

The evidences cited above establish a hiatus between the 
Oherra stage and the fossiliferous Cretaceous beds on the Cherra- 
piinji plateau. In the submontane tract near 
rlaxha?** Therriaghat, however, there is a passage from 

’ the undoubted Cretaceous into the massive 

limestone, which is homotaxial with the Clierra stage of the plateau. 
It seems, therefore, that while aw^ay in the open sea in the Mahadek- 
Therriaghat region iminternipted sedimentation was taking }>lace, 

the present Khasi hills plateau from Maw^smai nortli wards formed 

a land surface after the close of Langpar times and remained so 
till it was siibmergetl again in Cherra times. It is necessary, there- 
fore, to separate the Cherra stage of the Clierrapunji plateau from 
the Cretaceous, to regard it as the basal stage of Medlicott’s Nuiii- 
mulitic scries and to jdace it in the Eocene. 

Although the Cherra stage can be separated from the (VctHccuus 
in tlie plateau^ there is not sufficient palaioiitological evidence to 

Discussion on the exact age of the stage. The fossils 

probabic age of the collected and identified by Mr. Mukerjee from 
Cherra stage. Clierra sandstone of tlie Jaintia hills are 

(l)ivalves) Macrocallista virgafa d’Orb., Cardium hrougniarti d’Arch., 
Cgprim cf. transversa d’Arch., Cardita sp,, Meiocardia sp., and a 
gastro|)otl, Natica up. The fossils merely indicate Low^r Tertiary 
age but do nut allow of a more precise definition. The association 
of the basal portions of the Cherra stage with 
l:\idence of iateritc. i^tejritc and kaolin in various parts of the 

Garo, Khasi and Jaintia hills is an additional evidence for placing 
the stage in the base of the Eocene, because laterite is known to 
occur at many places at the base of the Eocene of North West India. 
Dr. Fox’s suggestions, that there was a main laterite-forming period 
in Northern India in early Eocene times and that the kaolinisation 
of the gneisses (rf the Garo hills occurred about the same time (Heron, 
1926, p. 34), appear to agree with the available data in Assam. 
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The points that deserve special attention in this connection 
are the ages of the Langpar stage of the Cretaceous and the Sylhet 
stage of the Eocene, since the Oherra sandstone 
sta^ef ® ^ * Ltngpar intervenes between the two former sets 

of beds. The fossils that were examined by 
Spengler are from the sandy Mahadck beds of the Cretaceous and 
indicate Upper Senonian age, * that is the Upper Campanian accord- 
ing to Grossouvre or to the Msestrichtian according to Haug ' (Speng- 
ler, 1923, p. 66). The overlying band of calcareous shale and 
earthy limestone (Langpar stage) have yielded casts of numerous 
gastropod such as : Xempkora, Ciuuhy Strigetelh, Apphorais, Cyprea^ 
TurriteUa, (bivalve) Corhuhiy (echinoiil) Hemiaster sp.y (scaphoda) 
Dentalium sp.y (ammonite) Pachydiscus sp.y ? Bacvlites sp,y and 
tlirce nautiloids, of which a fragmentary piece shows a cdose resem- 
blance to Hercoglossa danicuSy a typical Danian form, while the 
other two bear similar affinities to the same. Coming as it does 
on a higher stratigrax)hical horizon than the Mahadek band, the 
Langpar stage can, therefore, be placed in a position corresponding 
to the Danian. 

As regards the Sylliet limestone stage, it is possible to fix the 
age of its upper part only, since the different species of NummuHU y 
which have been identified are restricted to 

limeltone ita^e! upper limestone. They belong to the upper 

Laki or Lower Khirthar of the E()(jene (Pascoe, 
1925, p. 40). The Alveolina-^mesUme of tli*^ middle portion of the 
stage can conveniently be placed in the LaJvi, but tlie age of the 
lowest band of foraminiferal limestone remains undetermined. 

It has already been stated that between the lowest baud of the 
Sylhet limestone stage and the Langpar band, the efjjuivalent of 
the Cherra sandstone is represented, on the 

Sohryngkew near Ther- 
riaghat, by a plant bearing sandstone underlain 
by a feebly fossiliferous ‘ massive ’ limestone, which carries thin 
bands of shale near its base and passes into the underlying 
impure earthy Langpar limestone. The hiatus at the top of the 
Cretaceous on the Cherrapunji plateau, is, therefore, represented 
by a continuous series of deposits in the submontane tracts, east 
of Therriaghat. Although the latter are apparently conformable 
on the Langpar band on the one band and to the overlying Sylhet 
limestone stage on the other, there is a big faunal break, since \ione 
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of the Cretaceous forms survive in the ‘ massive ’ limestone that 
intervenes, feebly fossiliferous though it may be. It is reasonable 
to assume that this limestone must have been laid down at a time 
characterised by such changes in climatic and physical conditions 
as were hostile to the survival of the specialised fauna of the Creta- 
ceous sea, resulting either in their migration to places where ecolo- 
gical conditions were favouable or the wholesale extinction of these 
forms. This may be the reason why the ‘ massive * limestone is 
so sparing in organic rcmaiTis, although they occur in profusion in 
the limestone bands of the Laid and Danian above and below it 
respectively. It is evident that Paleocene time was ushered by a 
<!ataclysmal change in Assam which explains the impoverishment of 
fauna in the lower portions of these beds. 

It, therefore, appears reasonable to conclude that these poorly 
fossiliferous, ‘ nmssive * limestones of TheiTiaghat together with the 
Conclusion overlying plant-bearing sandstones are of lower 

Eocene (Ranikot) age, bridging the gap bet- 
ween the fossiliferous upper Cretaceous and the Laki. To the 
north of Therriaghat on the Khasi hills plateau, this Ranikot phase 
is represented in part by a time interval — evidenced in places by 
the unconformity that is found at the base of the Cherra sandstone 
stage- and later by the strata of the Cherra stage itself. 

Parallel conditions aj)pcar to have prevailed in north-west India 
where, in Sind, the break between the Mesozoic and the Tertiary 
is slight or is abc<uit altogether, whilst further north in the Punjab 
the time interval separating the Mcvsozoic and the Paleocene is 
considerable, and is often marked by a prominent unconformity. 
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FIG 1 UNCONroRMITY BETWEEN UNGPAR LIMES. ONE (LOWER CLIFF) 
AND CHERRA AND NUMMULITIC (SYLHET) SANDSfu.(ES (UPPER 
CLIFF), NEAR FALLS .1023, SOUTH OF LAITRYNGEW. 
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FIG. 1. CHERRA CONGLOMERATE, EASTERN SIDE OF 
THE RIDGE, SOUTH OF MAWLYNGNGOT. 
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FIG. 2. CRETACEOUS CONGLOMERATE, 
(OVER 500 FEET FROM TOP OF CLIFF), 
EAST OF CIRCUIT HOUSE, 
r.HFRRAPlJNJI. 


FIG. 3. MASSIVE CRETACEOUS SANDSTONE 
CLIFF, OVERLAIN BY BEDDED CHERRA 
SANDSTONE, FOOTPATH TO 
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Permian Fusulines from the Karakoram. 
By Girl O. Dunbar. 


Through the kiiidueBB of th<- (geological Survey of India, 1 re- 
cently received for examination a .small piece of fimulinc-bcaring 
limestone collected from Calcareous Sandstones in the Shaksgam valley 
between the Karakoram and Aghil ranges (collection K41/4:84).* 

The specimen contains two large. <^longat(* species of Para- 
fuyulma. Although both are new, they repre.seut a stage of fiisu- 
line evolution of uiunisUikable Permian age. it is b(*.lieved that 
they arc somewhat younger than the zone of J^ara/uHttlina kaHaennis 
(Schwager) in the Lower Productus limestone of the Salt Karge. 
They are definiti^ly younger than tin* Artinsk .scjries of the U. S. 8. K. 
and probably fall in the horizon of the part of the T/f^onard 

or the Word, formation of Texas. 

Pnrafumlina. shiptoftt’ Dunbar, sp. nov, 

Plate 1, figure.s 1-7. 

Description . — A subcylindrical .specic^s of f> to 7 volutions, attain- 
ing a length of 16 to 17 mm. and a diamete.r of 2*3 to 2-6 mm. The 
lateral slopea taper slightly txiward the sharply rounded poles. 

The prolocula range ii size from about 100 to about 225 microns 
and have a very thin wall. The whorls are low and the radial 

* The loesUs weie ditcoTeted and ooUocted in 1937 by Mr. J. B. Auden of the Geological 
Survey of India while he was on an expedition in the Karakorani led by Mr. E. Sli|pton, 
a weU-knowii mountainaer. 
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exjwiiiHion gradual. Thf‘ -shell elongates very rapidly, the form 
ratio being near 5-0 in the third volution and over 6'0 at maturity. 

The apiral wall is only 15 to 20 morons thick in the first whorl, 
iriejeasing slowly to a maximum of 70 to 90 microns in tlie sixth. 
Jt is distinctly alveolar and is almost entirely formed of tiu kerio- 
tliec ii. the teetuiu being very thir . 

The septa are in usual in that the basal margin of ♦^ach is n*- 
gularly and deeply folded whereas the upper half or more is almost 
plane. As a result, the septal loops appear low and rounded in 
spite of the fact that the foldii g has reached tlie parafusulinid 
stage an<J low eunieuli are clearly shown in tangential slices (Plate 
1, ligures 4 and 5). Septal pores are sparsely scatteri'fl and rather 
obsc lire in the Hpeeimens st udied. 

The t.unuel angle is wide, increasing from in the first 

volution t-rf) a maximum of 50® or 60® in the fifth and sixth, but there 
is considerable variation as showm ii the tabJi* below’. There are 
no ohomatn at any stage of growth. Om? of the most distinctive 
features is the massive axial filling that begins a short distance on 
each side of the middh* and extends with increasing diameter almost 
to the ends of the rhell. 

* Tabu of mensurementa. 
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1 27* 2®* 80* 34® 015 -020 ? -020 16 16 
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PiiOF. Papfr 5.1 Dvnuar : Pcnnian FusuUueH from Kamkmim. 3 

' • 

8pecimons 1, 2, 5 and 6 are illiiatraUHl uix plate I as tigiirea I, 3» 
and 7. 

Discussion. -hy shape and in it^ jilnionruilly low sej)i>al folds, 
this species shows c<insidt‘rAble reseuiblance to “ Fmulimi ’* uHinfieri 
Schubert of tlie Permian of Timor. However, that .species i.s somti- 
wliat .smaller and relatively thhker tl)au this, luiviug a normal 
length of 10 to 13 mm. and a diameWr of 2-2 to 2*5 mm. It has an 
axial filling similar in dLstribution to that of our sp<'cies but far less 
massive. There is a pixuiounc<‘d difference also in the form of the 
overlapping ends of the wliorls as seen in axial tk'ctioas. Schu- 
bert’s single figure of a .sli(*e of rock, showing one good axuil t 4 <.M*tiou 
and fragments of others, dt>e.s iK>t indicate, clearly the presence of 
cuiiieuli but one specimen at the lower right (‘orncr of Ills figure 
simgt‘s1s their pres#Mic(\ 

Sonic of tli<‘ axial sc<*rious liguretl by Colaiu (11)24, pi. 14) as 
Fnsulimt longissinin Mtilhu- rcscrnlilc our species V’ery closid\ . Her 
ijiatcrial was from the INeinian f»f lododJhina and .ipjiears Ut re- 
picsciit more tliar o?e‘ species, neither of which can la* identified 
with MolierV form from Ru.ssia. Figures 4 an<l 20 of plate 14 of 
Colaiii's monograph indicate a subcylindrical spt^cics shaped much 
like OUTS, having a similar axial filling, .similar low se.ptal loops, and 
a thin-w'alled proloculum. Moreover, tlie volutions f)verlap at the 
ends much a.s they do in our .s}K*e.ioH, But Oolani’s species has a 
length of only 10 nmi. at () or 7 volutions while has a length of 
10 mm. Moreov<*!\ tin*, axial filling is much* more massive in our 
.specacs. It is not c lear from Colani’s figures wdicther cuniculi are 
jiresent and tin* septal (‘volution m;iy lx? h s a.dvan(!(‘d than it is in 
our sp(‘cie,s. 

Tlnu’e Is coixsiderable rcs(*mblancc to Schwagcfiu'i Unettris Dun- 
bar and Skinner fi’om the Wolfcamp formation of Texas, but that Is 
a smaller species aud is in a le.ss adv^aiH^<xl stage of septal evolution, 
having no (iiniculi. There is also a superficial i(‘s<mibl;i.ace to 
Polydicxoilhm j}ersicfi Kahler, but in that hiiin tlx* septal folds are 
high and supplementary timucls are present. 

The large size and esfiecially tin? stage of sc'ptal evolution dis- 
played by Panffusvlim shiptoni sp. nov. indicat.(^s IxjyoTid any doubt 
a Permian age. No species as large or as advanced as this ha.s been 
found in the Artin.sk division of the Permian in Kus.sia. The new 
species is probably somewliat younger than Parafv^idim hdLaenftis 
(Schwager), the common one in the Lower Productus limestone of 
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the Salt Range. Its stage of evolutioii indicates an equivalence? t-o 
the upper part of the Leonard formation or to the Word formation 
of Texas. 

Ofrurrence. Three miles south of Durbin Jangal, Shaksgam valley, 
at about 13700 feet (36°2' ; 76®40'). Geological Survey of India Type 
Nos. 1726H— 17274. 


Parnfusulim sp. A. 

Plate I, figure 8. 

AH.soeiate<l witli many .specinieas of P, shiptoni, we discov^Ted 
a singh* sp(M*imen of entirely different form, of whic!) a peifert 
axial .section was secured. Although it was embedded in solid 
matrix with P. shipUmi^ no other fragments of this stout species 
could he found. Uehietant to base a sp(‘(*ies on a single R(H?tion, 
however go<»d, we merely illustrat<» and describe this specimen 
without a name. 

As shown by figure 8 of plate 1, it is a stout, subeylindrieal shell 
having blunt ends and no inflation at the middle, Corusisting 
of 51 volutions, it has a diameter of about 3*2 mm. and a length of 
about 13’7 mm. The shape changes gradually during growth, 
being elongate-fusiform with pointe<l ends in the early whorls. 

The proloculuiu has a diameter of 21K) microius, is subspherical. 
and has a moderately thin wall. The equatorial expansion is 
gradual and tin* coiling rather loose. The spiral wall has a thick- 
ness of •()7(> mm. in tin* second volution. -070 mm. in the third. 
H)85 mm. in tlu' fourth and ’KH) mm. ii the fifth. It is distinctly 
alveolar. As in tlie associated P. ahipioni, the septal folds are 
rather strong and regular, but are ihiisfly limited to the lower margin 
of each septum. The tunnel is wide, its angle measuring 42"", 45"", 
65®, 68® and fil . respt*ctively, iu the 5 volutions. x\xial filling by 
epitheca is limited to small, disconnected spots near the axis in the 
t'lids of successive whorls. 

This species lias no close resemblance to the associated P. ship- 
lotii and appt'nrs to be undescribed. It resembles Scinmgerinn 
return Dunbar and Skinner, which occurs high in the Bone Spring 
limestone (i.c.. Upper Leonard) of West Texas, but differs there- 
from in Qumeroiui details. For example, its septal folds are lower, 
its ex{>ansion is more mpul. it is larger in corresponding volutions, 
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its fonn ratio is less, and its toimel angle is considerably greater 
than that of the Texas shell. It is presumed that the septal evolu- 
tion has advanced to the stage of Parafmulina in the Indian species 
but, unfortunately, this cannot be proved by the axial section. 
Occuftefnee,- -Same as Parafusulino shiplmU sp. nov. 

PLATE I. 

ParafustUina skiptoni Dunbar, »p. nov p- 1 

Figs. 1-3. Axial sections (XlO) of three (jotypes. Q. S. I. Type 
Nos. 1726a-m70. 

Figs. 4, 5. Tangential slices ( x 10) of two cotypes, showing the 
evidence of cuniculi (c). 0. 8. I. Type Nos. 17271 and 

17272. 

Figs. 6, 7. Sagittal sections ( X 10) of two cotype^. G. S. L Type 
Nos. 17273 and 17274, 

Parafiuulina sp. A...K41/484b p. 4 

Fig. 8. Axial section (XlO) of the unique specimen. 
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I. INTROTUCTION. 

Between the Himalayan ranges on the north and the great 
Indus-Ganges-Brahmaputra plains on the south there is a series of 
deposits of Middle and Upper Tertiary age forming the foot-hill 
zone of the Himalaya. These consist of an older Murree series of 
Lower to Middle Miocene age and a younger Siwalik system (or 
series) of Upper Miocene to I/>wer Pleistocene age. The rocks 
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of the* Siwalik Hystcni are found all along the Himalayan foot-hiUs 
from the iiorth-easternmoHt comer of Assam on the east to Jammu 
and Kashmir State* on the west and thence along the hills of the 
N.-W. F. Baiiuhistan arul Sind dowm to Karachi. Though it is 
concedeej thsl tins thi(‘k aeries of Siwalik rocks was of fluviatile origin, 
y<*t tJie* (‘xart nmde* of deposition is rather obscure. 

Jl. 1). Oldham was of the opinion that the Siwalik beds were 
deposited Hiibaerially by sirean)S and rivers and also that the whole 
drainag(! of Northern Tnrlia at tliat time had only one outlet to the 
sea, probably in Sind. In 1919, two geologists of the Geological 
Survey of India— Dr. (now Sir) E. H. Pascoc ( 80 ) and Dr. Guy E. 
Pilgrim (85)- each publislied a paper in which the hypothesis was 
put forward that the Siwaliks were laid down by a single large river 
flowing from the north-east corner of Assixm along the foot of the Hima- 
to Kashmir and then southwards to the Arabian sea. To 
this river Pascoe gave tlu* name ‘ Indobralim for he thought that 
the modern Indus and the Brahmaputra arc the dismembered parts 
of this original ri'/cr. I)r. Pilgrim, who had extensive knowledge 
of tin* Siwalik strata, liad come to much the same conclusions quite 
ind<*p(»jul<*ntly, and gave it the name ‘ Siwalik River ’ basing his 
observalions particularly on the distribution of the boulder-conglo- 
merates of tlie Siwalik system. 

Ill recent yt'urs much geological work has been done on the 
Tertinries of thcTunjab and Assam by the members of the Geological 
Survey of India and other geologists. It appears therefore wortli 
wliik* reviewing the results of tliese investigations in connection with 
the (|ue8tion of the Siwalik sedimentation, and particularly with 
the Ideas advanced by Pasooe and Pilgrim. 


II. PASCOE*S HYPOTHESIS. 

At the outset let us state tlie arguments put forward by Pascoo 
in support of his Indobrahm river. The main points of Pascoe's 
hypothesis are (80i p. 138):— 

** i. That in Eooene times a gulf extended from Sind northwards as far as 
Afglianifitan, and thence curved eastwards and sonth-eastwards 
through Kohat and the Punjab to the neighbourhood of Naini TaL 
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ii. That this gulf gave place to a great i'ivcr»*Uie headuaters of which cousiated 

of the portion of the Brahn^aputra flowing through Assam. This 
river flowed westwards and north-westwards along the foot of the 
Himalaya as far as North-West Punjab* where it turned southwards 
along a line not very different from that of the incKleru Indus, and 
emptied itself into the Arabian sen. In othei' words, the Assam 
Brahmaputra was once the headwaters of the Indus. 

iii. That two separate rivers or t.vo branches of the same river debouching 

into the Bay of Bengfd, cut back and l)ebemied this old Indus, the 
eastern capturing the Assam portion to form the Brahmaputra, and 
the western capturing gradually piecio by piece the tiortioii that in- 
tervenes between Assam and the present iramna. 

iv. I'hat in the meantime this old river was being still further n*dueed by 

the piecemeal capture of the portion lying la^tween the Jarana and the 
Jhilam by its own tributark^, the Jhilam. the Chenab. the llavi, 
the Boas, the Sutlej and tbt» Ghaggar. 

V. That the AttcK^k part of the piesent Indus was a tributary of this (*ld 
river, which at a comparatively early i)uriod cut its way back into 
Kashmir, where it captured the uppc*r watei-n of a largo river that 
flowed north-westwards, and either found its way into the Oxus or 
curved south-westwards into Eastern .Afglmiiisian.’* 

FurthcJ-, he has (^vplaiuod hia ideas regarding Siwalik drainage 
and sedimentation in the following manner ( 30 , p. H5) : - - 

‘*(1) A marinu gulf originally occupied most of the same line, and during 
the silting process the oil and coal of this region were produced and 
gypsum was deposited : this hydrocarbon, coi^l, and gypsum belt 
follows the Nummulitic outcrop from Kumaon to the Mekran coast. 
Such a fUled-up gulf is naturally followed by a river — for insianesn, 
the Burma gulf by tho Trrawaddi, or ilie Mosopotamian gulf by the 
Tigris and Euiihrates, — which would be pushed farther towards the 
centre of the peninsula by the persistent movement. 

(2) The supposition that the Siwalik deposits were laid down as enormous 
talus-fans by the mountain-stmams which issued from the 
has always been difficult to accept in view of the great thickness 
of the deposits — ^for they average over 16,000 feet— and their great 
extent. An almost unbroken belt of these bods can be traced, usually 
in great thickness, from Assam to the Soon valley and thence to 
Baluchistan, bounded externally by continuous mountain country 
consisting, where known, of igneous and very ancient rocks, with or 
without an intervening belt of Muiiee rocks. It seems tar more 
reasonable to deduce a single river rather than a number of transverse 
streams. The mountain streams, in any case, must have had an 
outlet to the sea in one direction or the other, and must have joined 
a main river in the plains. 
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(3) There are no t^rautKle *ror amaming that the northwards-flowing drainage 

of the oJd noncl\v'ana continent was reversed in Siwalik times. Tn 
fact, the depression of the trough would have invigorated this drainage, 
which, it is highly probable, persisted to this day. Tt seems almost 
rertain, therefore, that this northerly drainage must have met. 
the southernly Himalayan drainage in a large river flowing either 
’fouth-f^twarrls or no7*th-w'estwards. Since the Siwalik outcrop is 
not continuous to the sea south-eas Wards, but is practically conti- 
nuous north-westwards and subsequently southwards along the line 
of an old gulf, it '*ooma reasonable to assume that the river followed 
this direction, 

(4) This Siwalik l)elt is succfioded on the side towards the peninsula, and 

remote from the mountain-building, by a similar and even thicker 
belt of n>cont river-deposits, to be mentioned later. 

(5) Many of the streams draining the Himalaya have north-westward point- 

ing V’s in their <!oar8«» whore they ctohs the ^’ertiary foot hills, or 
uhere they enter the plain. 'J'hese are thought to indicate, according 
to Dr. Pilgrim’s suggestion, a former n<»rth-we.stward-flo\ving main 
river, of which these streams wei\> tributaries (sec below). 

(fl) The similarity of the rlver-fuunu in the Ganges and in the Indus points 
to a coimeotion bc^st ex|)lained on the ass uni pt ion of a large main 
river uniting what are now the Ganges and the Indus basins (see below), 

(7) The similarity in nature.' and strike between the Shillong Plateau and 

the northern region t»f the Indian Peninsula makes it probable tliai 
they n'present what was once a continuous feature, the flank of a 
long river valley. It is this continuity of the physiographieal and 
geological fenturos along this lint' from Assam to the Punjab that is 
HO Htriking., There is a continuous regular mountain-arc of ancient 
rocks on the north ; there is a parallel upland of similar ancient rocks 
on the south, continuous btmeath the presumably shaUow gap between 
the Rajniahal and Garo Hills ; l>et\voen this mountain-arc and the 
upland is a continiiou.s outcrop of Alluvium of great maximum thiek- 
neas, ocoupying a continuous trough, and succeeding what tbero is 
no roasDD to doubt, is a continuous Tertiary river deposit. The sub- 
alluvial barrier deduced north-north -east of Delhi interr united neither 
tho continuity of the Siwalik deposits nor that of the Alluvium. Then! 
is no rock barrisr in the plains at the present day between the basins 
of the Indus and the Ganges, the watershed being a scarcely perceptible 
one. 

(8) The two hypotheses of single westward-flowing river flanking the Hima- 

layas throughout their length, one on the Indian side and one on the 
Tibetan side, mutually support each other, and are strengthened by 
the curious parallelism between the histories of these two hydroaraphic 
lines (see below),” 
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HI. THE PRESENT FEATURES OP* NORTHERN INDIA.* 

A modern topographical map of India will show that the Ganges 
han a general eastward coarse, and its tributaries both from the 
Himalaya and from the peninsula meet it after flowing more or less 
in an easterly direction. The Brahmaputra (Tsang-po) has a long 
easterly coarse in Tibet, but outs across the Himalaya in a aouth’ 
ward direction and then flows westward and southward to join 
the Ganges. The Indus flows first north-westwards, then turning 
southwards (and south-westwards) empties itself into the Arabian 
sea. All its tributaries have a general south-westerly course except 
those which come from the west. The divide between the Indus 
and the Ganges basins, which passes through Delhi and Ambala, is 
barely 900 feet above sea level. This divide, is a continuation of the 
Aravalli range traversing Rajputana, and geological work has shown 
that its influence is felt in the Himalayan region along its north- 
easterly continuation (2* pp- 167-168). 

In order to understand the evolution of the Siwalik drainage it 
is necessjiry to trace the geological history of the Himalayas and 
th(‘ contiguous plains from the Eocene period onwards. 


IV. THE EOCENE PERIOD. 


Marine Eocene rocks are found extending from Sind through 
Quetta, the Sulaiman Hills, Dera Ismail Khun, Bannu and Kohat 
on the north-west, then through Hazara to Kashmir. Patches 
of the same, formation are found in south-west Rajputana, Cutch 
and Kathiawar, to near Broach. It would appear that the last- 
mentioned patches are. continuous, underneath <ho recent deposits 
of the Indus, with the main formations of Sind, Baluchistan and 


An extension of the 
Arabian Sea. 


Salt Range. This Arabian gulf, there is rea- 
son to believe, was conncct(‘d with the Tethys 
sea of the Himalaya and the Tibetan region 


(7« p- 416). The apparent absence of the uiunmulitic strata between 
Jammu and the Simla region can reasonably be explained by an 
overlap. As suggested by various geologists, the Eocene sea must 
have extended right across Sind-Rajputana-Punjab. while a narrow 


* Itegsrding tho Himalayan riren ««e Burrard, Sir S. G., Hayden, U. H. and 
Heron, A. M.— A tketoh of tho Geography and Geology of the Himalaya moantaine and 
Tibet, Delhi. IMS. 
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arm of thiH gulf poB^ibly c'ktcmded from Jammu to near Laxudowne. 
No marine Eocene rocks have been found in the Lesser Himalaya east 
of the last-mentioned place, whicli it is interesting to note, marks the 
riorth-east(^rly extension of one of the eastern ridges of the Aravalli 
range. Tlie outcrops of Nummulitie strata near Naini Tal and Lansilowm^ 
are of small thickness (28# !>• 19) distinctly of shallow water facies 
HO that they evidently mark the proximity of the shore line. 

At the period we are considering, th^^ Aravalli range should liave 
l>een of greater extent and elevation than they are now, and should 
have played an important part as a great 
AravalH^^rrier^ **** topographical and hydrographic featun*. 

Ifivers would liave flowM^d from these rangee 
westward ns w'ell as (‘astward, while the ]>eninsular uplands of 
Hiindelkhaud and Central India should have been the sources of 
rivers flowing northwards to join the Tethys <>»* om* of its arms. 

The evide.iice available is not very clear n*garding the geograj)liy 
of the Sub-Himalayan region between Naini Tal and the xVssjim 
Himalaya, No Eocene rocks have vet been 
found in this tract and this may be taken 
as indicating the existence of a land surface 
here in early Tertiary time, with the Tethys only a short distance 
to the north. This land should have formed the northern border 
of the Indian peninsula. 

It is only in the southern part of the iShilioiig plateau that we 
find any evidence of an Eocene sea, but this belongs to the Bay of 
Bengal region. It has been shown by Dr. C. 
nam atcau. ^ present coniiguratiou of the 

t'ast (-oust of India took shape in late Mesozoic times with only slight 
invasions and retreats in later periods. The Upper Cretaceous 
transgression of this sea left' a series of deposits including the early 
Tertiary ones in the southern part of the Shillong plateau and the 
Arakan region. 


V. THE FIRST PHASE OF HIMALAYAN UPHEAVAL. 

We shall now turn our attention to the changes that took place 
when the Himalayas began to be formed. In the Upper Eocene 
times the Tethyan basin was lifted up, corrugated and thrust to- 
wards the south, producing an extensive new topography. The 
a<lvancing mass found the Indian peninsula a comparatively rigid 
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bari-ier, and between the two iinita was probably formed a furrow or 
‘ fore-deop ' tlio evidence for which is however not clear in the area 
east of Delira Dun. As a reault of these movements, the Eocene 
gulf of the Punjab seems to have become smaller and broken up, 
for there are no deposits of the age immediately following this (».«,, 
the first phase* of upheaval) in the Naini Tal awm. 

The Aravalli ridges lying at right angles to the direction of move- 
ment of the Himalayas should have offered great resistenco to fold- 
ing. But it is probable that the mighty forces of orogeny may have 
slightly buckled even those opposing ribs. 


Indui basin. 


VI- THE CHHARAT-^MURREE PERIOD- 

Tlic geological records are fairly clear in the Indus basin. After 
the first upheaval there came into existence a longitudinal trough 
in which were laid down firstly the Cliliarat 
and then the Murrec', sediments. This trough 
appears to have been much shallower and broader on the west than 
on the east, for it is believed that the Himalayas vrere elevated 
to a greater degree in the east than in the west during the upheaval. 
As a consequence, the trough in the east should have been tleop 
and narrow and any sediments deposited in it might (X)no^ivably 
have been covered over by lattu ones. 

The sediments deposited in the region of nortll-weskini Punjab 
after the first upheaval are known by the name of Chharat series. 

They contain both maiine fossils and remains 
rsto**”^*** ’ ^*****" terrestrial (marshy land) animals. These 

basins of deposition were still more or less 
marine in nature. It is not clear to what extent sediments were 
derived from the newly formed Himalaya to the north and from the 
Peninsular area to the south and south-east. 

The Subathu beds of the Simla foot-hills are generally correlated 
with the Chliarats. They comprise grey and red gypseous shales 
together with sornt^ nummulitic; limestone len- 
ticles^ while at their base there is a bed of 
pisolitic limonitc. There appears to be no 
definite information as to the exact age of the Nummulitic beds of 
Naini Tal region but they are likely to be of the same age as the 
Subathus. « 


Simla 

Sttbsthus. 





8 


Records of fJte Gedogieal Survey of India. [Voi. LXXV. 


The Murree Bediments (Miocene) were laid down in basins whose 
waters were gradually becoming brackish from the previous saline 
state (23t p. 113). The greater part of the 
Minreek’ •’****" • sediments seems to have been derived from 
the peninsula, since they contain much iron 
derived from the disintegration and oxidation of ancient rocto. 
The great thickness of these rocks near Murree may be due to this 
area being a large lake or lagoon which gradually deepened and kept 
pace with the sedimentation. The presence in them of plants 
(like Sabal major) and numerous mammalian remains points to the 
gradual estabUshment of fresh-water ennditions. 

As regards the distribution of the Murree sediments it is to be 
noted that they arc represented by the Dagsliai beds of the Simla 
region which are regarded as the equivalents 
Simla Region. Murrees. They comprise bright red to 

purple nodular clays and fine grained sandstone. Middlemiss states 
that the gradual passage of the Subathu clays into the sandstone 
of the Dagaliai and Kasauli stages has also been accepted as proving 
a gradual change from marine conditions to those of fresh-water. 
They terminate at the Aravalli barrier quite a good distance west 
of the easternmost nnnunulitic outcrops, while the Murrees extend 
westwards into the North-West Frontier Province and then south- 
wards. 


VII. SECOND I^HASE OF THE HIMALAYAN UPHEAVAL. 

The second phase of mountain building, which was of Middle 
Miocene age, seems to have been of great magnitude for, after this, 
the Tethys was obliterated from the Himalayan region. This 
created a very well recognisable furrow all along and just south of 
the Himalayas about which we shall speak presently. But at the 
same time were established land conditioits in the Himalayas and 
also a definite southerly drainage. 

In the eastern (Qanges-Brahmaputra) drainage basin this furrow 
is recognised by the presence of Siwalik rooks. It is not known 
whether this re^on was connected with the Bay of Bengal after 
the first upheaval. But there seems to be every probability that 
the second upheaval broke down the barrier across the Bajmahal- 
OstTo ze^on. 
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In the Middle Miocene we notice evidence of the extension of the 
Bay of Bengal, for deposits of this age arc seen at various places 
on tlie East Coast as far as Orissa and also 
sion^o^Biy southern border of tlie Shillong Plateau. 

The Cuddalore Sandstone, the Rajahmimdry 
Sandstone and the Miocene beds of Baripada in Mayurbhanj consti- 
tute the evidence of this transgression. 

As regards the extension of the Bay of Bengal into the Ganges 
valley, Pascoe thought that there was no siuili connection in the 
Miocene or even in the Pliocene, and advocated the formation of this 
gap through the Rajmahal ridge in Pleistocene times without 
assigning any convincing reason in support. 

If, however, we look into the structure of the Shillong Plateau, 
we notice that it has been subjected to movements from two sides, 
one from the north by which overthrust faults 

RatmhaVde^reutonr*' developed aiid one from the east 

producing extensive block-faulting, the 
blocks being bounded by north-to-south faults. The portion of 
the old ridge between the Rajmahal liills and the Garo bills appears 
to have been depressed during the period, probably by the downward 
block faulting or by buckling, because of the thrust from tlie east. 
The cause envisaged here is quite adequate for producing the gap 
in question, and it should be pointed out that no such convincing 
tectonic cause is available at a later age to explain the formation 
of the depression. Moreover, if the gap were of jxTst-Plioce.ne age 
as thought by Pascoe, the topography of the region would be decided* 
ly less mature than it is, as pointed out by C. E. N. Bromehead in the 
discussion of Pascoe’s paper before the Geological iSociety of London, 
Bromehead has stated (^art. Joum, GeoL Sao., 76 , p. 156, 1919) : — 

** If the lower course of the Ganges and tlv^ Brahmaputra was also of recent 
date, and due to the cutting -through of a hard ridge joining the Indian Peninsula 
to the Assam Hills, one would expect a gorge similar to that of the Indus instead 
of the broad open valley which, on the map, had all the appearance of mature age.** 


Vlll. SIWAUK SEDIMENTATION. 

The Siwalik sediments, ranging in age from Middle Miocene to 
Lower Pleistocene, were deposited in the furrow formed after the 
second upheaval. The lowest beds (Kam* 
* ** * lials) are bard brown aandutonfis, pacudo~con» 

glomerates and shales. The beds above (Chiujia) are mediupi 
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grained grey coloured sandstoneH with abundant bright red shales. 
The Nahans, which are the equivalents of the Chinjis in the Kashmir- 
Simla region, are highly arenaceous and comprise indurated brown 
and grey sandstones and red shales. 


Kutnaon-Qarhwal. 


The Middle Siwaliks in the Punjab region consist of thick-bedded 
massive grey sandstones, clay beds becoming more prominent to- 
wards th(i top. In the Upper Siwaliks, the lower beds are coarse 
grained sandstones whicli give place to beds of shales and of conglo- 
merates further up. TIkj topmost bed is the Boulder Conglomerate 
consisting of large boulders in a fine-grained silty matrix. 

Jn the Oarhwal region, tlie Naluins attain a thickness of 6,000 ft. 
according to Middlemiss. The Middle Siwaliks of the Kumaon- 
Garliw«al tract is termed ‘ sand-rock being 
micaceous sandstones with some ferrugin- 
ous matter, and also some brown to red clays. They are 7,000-8,000 
feet thick here, according to Middlemiss. The sandstones contain 
grains of .jasper and ainetliystine quartz and magnetite, felspar, etc. 
The presenec of those, and espceially of jasper grains, might indicate 
that the source Avas at least partly tl\e crystalline rocks of the 
Peninsula to the south. The Upper Shvaliks of the Oarhwal region 
are siiid to contain pebbles derived from Himalayan rocks — Nahan 
sandstones, granite, trap, quartzite and vein ((iiartz, — and also 
bands of clay and loamy matter. Middlemiss assigned a thickness 
of 5,000 feet tg the Upper Siwaliks of the Kumaon region. 


The Siwaliks aiv known to extend eastwards along the foot 
hills of Nepal and Bhutan. In the latter region ( 31 , p. 23) they 
Bhutan overlie Gondwana or older rocks. The out- 

crop, where examined, w^as six miles wide and 
show^cd a fairly full succession. The lower beds consist of blue 
clays with fine grained argillaceous sandstone and indurated clays. 
Overlying these are ‘pepper and salt’ sandstones containing a few 
pebbles. Above these are conglomerate beds containing small peb- 
bles at first, the size of the pebbles gradually becoming larger up to 
the size of a man s head. Some of the Siwa'lik sandstones are highly 
ferruginous. 


There are some breaks in the continuity of Siwalik outcrops 
in this region, especially one for a length of about 40 miles to the 
east of the Jaldoka river ( 80 , p. 48). 
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Daphla Hills. 


In the Aka Hills La Touche ( 18 , p. 122) found Siwaliks form* 
ing a conspicuous band and overlying the Gondwanas. They are 

Aka Hills. composed of sandstones, partly quart- 

zitic, and conglomerates and carbonace- 
ous shales. 

The Daphla hills and the Subansiri valley ( 19 , p. 194) also show 
similar Siwalik formations which rise abruptly from the plains to 
form hills 2,000 to 3,000 feet high. They 
consist of sandstones and conglomerates, the 
former containing silicified wood. 

In the Abor Hills tract the Siwaliks attain a good development 
and comprise various types of sandstones and conglomerates. The 
* pepper and salt ’ sandstones found here are 
probably of Middle Siwalik age. T)r. Coggin 
Brown ( 5 , p. 237) states that the Siwaliks are continuous with those 
found in the Subansiri region and further west. 

It is known that the Siwalik rocks continue across the 
Brahmaputra. But there is apparently a break in thc^ outcrop in 
the Sadiya frontier tract. To the south of 
rcglon^^*'^****^*^**^*” Sadiya, Upper Tertiary rocks equivalenif to 
the Siwaliks appear in great force and are 
known by the name of Tipam series (Lower and Middle Siwalik) 
and Dihing series (Upper Siwalik). According to P.^Evais (0) : — 


Abor Hills. 


“ The Tipam series is known over a vast area, being*found as far south-west 
as the Arakan coast of Burma. It extends through Tripura (Hill Tippera) to the 
Surma valley, is found in a few synclinal areas in the North Cachar Hills, is a pro- 
minent feature of the outer ranges of the Naga Hills, stretches thence nearly con- 
tinuously to the Frontier tracts in the north-east of the Assam Valley and probably 
continues into the Hukong valley of Burma. ^ It ia almost certain that the rocks of 
this aeries occur in the first range of the Himalayas and extend beneath the alluvium 
of the upper part of the Brahmaputra valley ” (Italics ours). 


IX. GENERAL DISCUSSION, 

In each division there is a preponderance of sandstones in the 
lower portion and abundance of clays and shales iii the upper, 
except in the Upper Siwaliks in which there 
intercalations of conglomerates and 
the upper beds are coarser than the lower* 
As a general rule the Siwalik sandstones are CTirrent-bedded whigb 

r2 
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shows that thoy have been deposited under varying fluviatile 
conditions. Tlie Kamlials and the Chinjis contain appreciable 
amounts of ferruginous matter which should probably have been 
derived from tlie Peninsula to the south. The pseudo-conglo- 
merates consist of sliale-pe})ble8 whose origin should be attributed 
to a ratlier dry terrain and to short transportation. The sediments 
sec'm t^) have been derived lK)th from the north and south, since the 
soft liglit-coloured sandstones could have come from the newly 
risen land in the Himalaya. 

The Siwaliks attain a maximum thickness of well over 16,000 
fe(*t. They contain, in places, an abundance of a large variety of 
land mammals, fresli water reptiles and fresh 
^*^**** water molluscs. There is therefore little 

doubt of their having been deposited under 

fluviatile conditions. 

Pilgrim and Pascoe consider the Siwaliks to have been laid down 
by one great river which flowed all the way from the north-east 
corner of Assam, along the area now marked 
n 0 ra m. these strata up to north-west Punjab and 

then turned southwards to join the Arabian Sea. No other outlet 

to sea is suppos(*d to have existed, at least till after the Pliocene. 
All the rivers of Northern India are supposed to have been its tribu- 
taries. The dismemberment of this river is attributed by these 
autliors to local uplieaval in the Delhi-Ambala region wliich separated 
the Ganges basir froSn that of the Indus, while the head erosion of 
some Assam river fonned the third basin (of Brahmaputra) which 
inlierited the eastern portion of this river system. 

The Siwaliks, as already noticed, are over 16,000 feet thick 
and tlu‘ outcrops are several miles broad in places. Over the 
greater part of their length they dip under 
deposition. *** ^*^***^ the Pleistocene and Recent alluvia, so that we 

do not quite know their extent underneath 

these later sediments. As Pascoe says, it is difficult to conader 

the Siwaliks as mere talus-fans, but it appears equally difficult to 
accept them as the deposits of a single river. They could better 
be explained as due to deposition in large, extensive, fresh water 
lakes wdiich wore more or leas continuous and possibly interconnected 
by nvers. Into these lakes flowed many streams both from the 
lii&ith and south, with a probable preponderance of material from 
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the north. The lakes and marshy lands which formed the basit^s 
of deposition should have gradually sunk to keep pace with the 
deposition so as to allow for the accumulation of the large thick- 
ness mentioned above. Outlets may have existed for the over- 
flow of the fresh water brought in by the numerous inflowing streams, 
but this does not imply that there was only a single outlet as postulat- 
ed by Pascoe. 

If a single river was responsible for all the Siwalik formations, 
it is difficult to conceive of these formations being thick and fairly 
wide at the very source in north-eastern Assam. Moreover, a river 
flowing for 3,000 miles needs a gradient which could not have existed 
in what was apparently a well marked fore-deep. Dr. C. S. Fox 
( 12 , p. 319) has also called attention to the fact tliat (^stiiarim^ condi- 
tions existed during the Siwalik times at thc‘ place imagined as the 
source of the Indobrahm : 

“ It has been suggested that at the close of the Tertiary ora (Siwalik liiooH) 
a great river having its source in Upper Assam flowed along the base of the Himalaya 
to the Punjab and so round by the Indus valley to the Arabian Sea of that poricKi. 
Young rivers cutting back from the Bay of Bengal, presumably ibo Bhagirathi 
and the Brahmaputra, have deflected the older Siwalik river or the Indobrahm 
southwards and produced the modern Ganges and Brahmaputra rivers. H()W'i'-\er 
interesting this explanation may be of the birth of the Ganges, its disagreement 
with many facts can be easily proved, such as the prosenof.^ of an estuary in L^pixjr 
Assam close to the supposed source of the Siwalik river.” 

All geologists who have examined the Tipam sfuidstoiics to the 
south of Sadiv^a agree that they resemble the* Siwaliks (dosely and 
are their equivalents. P. Evans (9, p« 220) states that the Siwaliks 
and the Tipams are in all probability continuous witli each other 
underneath the alluvium of the Brahmaputra in. the north-cast 
corner of Assam. This would imply that a river in the corner 
of upper Assam would have just as much chance of flowing towards 
the Arakan region as towards the Himalayan region. 

It is improbable that a river wliich flowed along what is now the 
foot of the Himalaya did not seek to find a way out southward 
through the Rajmahal region. We have endeavoured to show that 
the Rajmahal gap should have come into existence before the deposi- 
tion of the Siwaliks and that there is complete absence of a convincing 
cause of the formation of the gap at a later period. And as the 
Siwaliks undoubtedly should continue southward underneath the 
alluvium of Bihar and the United Provinces, there is every reason 
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to believe in the exiHtenw of some connection between the Siwalik 
baain and the Bay of Bengal. 

The idea that the Delhi-Anibala ridge has been subjected to an 
uplift at a very recent date is not convincing. This ridge is a rem- 
mint of the ancient Aravalli range and there 
and the clear evidence of any recent tilt. There 

is incontrovertible evidence that the Raraswati 
(Ohaggar, etc.) is a river of historic times, and the drying up of the 
lower reaches of this river should be attributed merely to the north- 
ward march of the Kajputaua (hwert. The great Rajput kingdoms 
would not hav(> been established in northern Hajputana in an arid 
region and then* is no doiilit that even towards the beginning of the 
Christian Kra Hajputana was forested iuid far from arid. The 
capture of th(> upper n'jiclies of the Raraswati by the Jumna does 
not necessarily inijdy an u[»lift ; it. may merely be diu; to the head 
erosion of an upper tributary of the. .fumna. Moreover no one has 
proved that th<‘ Jumna is a river of very reecmt date and that it is 
due to the Raraswati veering to the south-east from its former south- 
westerly course. 

The absence (d visible Riwalik rocks south-eastward towards 
the Rajmahal gap and the presence of continuous Siwalik deposits 
westwards along the foot of the Himalaya up 

Siwalik* under Bihar cited by Pascoe as reasons in 

Alluvium. ,11,11 in • 1 1 

support of the Indobrahm. lo our mind, these 

do not preclude the- existence of a southward outlet from the fore- 
deep. In fact, in a recent paper on the Bihar-Nepal earthquake 
of 1934, Messrs. Wadia and Auden (38f pp. 132-137) discuss the 
evidence and eonuludo that the Siwaliks extend beneath the gangetic 
alluvium of Bihar for many miles from their visible outcrops. It 
is obvious tliat the eontinuity of the Siwaliks to the south cannot 
be apparent when they are covered by younger sediments. Hence 
our ignorance of the extent of tin' Siwaliks under the Oangetic 
alluvium <‘annot^ b(' a point in support of a westward flowing river. 

Pilgiim thinks (and with him Pascoe agrees) that the frequent 
westward pointing V shapes of the Himalayan streams are indica- 
tive of their having been tributaries of a westward flowing river. 
Aooording to Paseoe (30» p. 149) -- 

“ The northern limb of each V may bo regarded as the I'emnant of a right bank 
Indobrahm tributary > which has persisted in its old westerly direction, and has 
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become more deeply impressed and permanent owing to the upheaval of the Siwalik 
deposits over which it flows. The southern limb of the V ^ ould represent the final 
position which the capturing stream has taken up/* 


It is, we think, impossible with our present kiiowletlgo to deli- 
neate the course of the Himalayan rivers during the Siwnlik times. 

We know, mon^over. that tectonic movements 
Hlmalaya^rlv^^^ appreeiable magnitude have taken place 

especially in the w'estem part of the Himalayas 
in poHt-Siwalik times and these would certainly have produced great 
changes in the courses of the rivers which existed at the time of the 
deposition of the Siwaliks. The Siwalik strata themselves liave been 
uplifted perhaps as niucli as 4, (MM) feet in post-Siwalik times. The 
Pir Panjal range also gives (‘videnu-e of an uplift of the magnitudts of 
some 5,000 or (),(M)0 foot. These uplifts whicli were (*ertainly connect- 
ed with the later phases of the Hinuilayan uplieaval must have had 
profound influence on th(‘ drainag<‘ which existed before. 


The statement by Puscoi* gives tla‘ impr(‘Ssion, that most of the 
streams have the abovemeutioued V-shaped (jourse, whi(*li generalisa- 
tion does not appear to be true. The, {)reaent (*ourses of these rivers 
may have little in common with previous drainage lines and can 
therefore not be tracofl definitely to pro-8malik times. In any 
the rivers should naturally be expected to cut across tlic Siwalik 
strata partly along and partly acjross the trend of •the ranges, i,e,, 
in a general westerly or south-westerly <lii(M tM>?i m the western Hima- 
layas. The drainage wdll be dependent upon the structural features 
of the mountain terrain which it traverses, and on emerging 

from the Siwaliks will take the direction of t he general slojx*. of the 
plaiiL«. Hence, it w'ould appear that* the picsoit f(?ature.s cannot 

be taken as leriding support for the argument that these were the 
tributaries of a westerly flowing Indobrahra. 

The similarity between the fauna (»f the Indus and the (Janges 
is adduced as further evidence of the existence of the Indobrahm. 

The main point in this similarity is the pre- 

Evidence of Dolphins. allied species of dolphins in 

both the rivers, wherea.s the dolphins of the Irrawaddy are quite 
distinct. R. D. Oldham (209 p. 443) states in this connection that 
the closely allied species must have been derived from a common 
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unc(!stor of pre-Siwalik age which later adapted themselves to fresh 
water conditions. He fuxys — 

“ There is some direct evidence in favour of the more recent origin of the 
(jrangctic outK;t in the proHonc'C of cloBc^ly allied species of dolphins in the Ganges 
and Indus rivers, of a very diflFcjnmt generic type from the cetacean inhabiting the 
Iirawaddi. These two sfiecies must be d<;sc?cnded from a common ancestor which 
acquired a fresh water habitat, and tiu* differentiation of the Indus and Gangetic 
8])ccioa have arisen from a subsequent separation of the drainage areas. The changes 
in the course of the drainage over what is now the watershed region, which will 
bti r(»f erred to further on, though they opened water communication between the 
friduH and Ganges rivers, probably did so only in the torrential region, which is not 
frequented by the dolphins, and the difference existing between the two species 
indicates more prolonged separation than (‘<iuld have been the ease; had there been 
migration from one drainage art*a to the other, when they were put into communica- 
tion with each other by the wanderings of the rivers near the present limits of the 
two drainage areas. We are (consequently driven to sujipose, either that two closely 
allied spi^oies originated indcix'ndently of oacdi other, which is extremely improbable 
to say the least, or that the great bulk of the Himalayan drainage once found its way 
to the sea by a single delta, instead of two, and this must have been either at the 
head of the Arabian sea, or of the Bay of Bengal. The indications of the sea having 
extended up the Indus valley within the rcc(*nt period and the absence of any similar 
indications in the delta of the Ganges, make it probable that the former was the 
original outlet of the drainage and the formation of the gap between the Rajmahals 
and the Garo hills, and of the Gangetic delta, is geologically of recent date.” 

Oldliiim’s firgurueiit in the above qxiotation is for supporting a 
very recent date for the submorgeuce of tb(3 portion between the 
Kajmatud and tlic Oaro hills. The conne(jtion between the exis- 
tence of the dolphins in the? two rivers and the age of the submergence 
of the llajmalial-Garo ridge seems to be a little far-fetched. It 
is, of course, to be admitted that the Indo-gangetic dolphins have 
uud(^rgone a fairly long period of evolution to liave adapted them- 
selves to a fresh-water habitat. This in our opinion is best explained 
by the dolphins having evolved from ancestors which existed in the 
Eocene sea of North-western India. The Eocene sea was shallowed 
up to some extent, (»veii isolated in patches, during the Himalayan 
upheaval so that at least a part of the fauna was not free to migrate 
back to the open oceai*. As we have already seen, the continuous 
series of Siwalik deposits point to the existence of a continuous basin 
of deposition the fore-deep of the Himalaya). During the 

biwalik times, therefore, the dolphins had facilities to migrate all 
along the fore-deep and also to adjust themselves to the gradual 
incoming of fresh-water conditions. This gives an acceptable ex- 
plaiiation of the existence of closely related dolphins in the present 
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day Indus and Ganges basins. The dolphins of the Irrawaddy, 
belonging to a region with a different history, should naturally bo 
expected to be different from the Indo-Gangetic ones which evolved 
over a long period in basins which were cut off from the sea and 
which grew gradually less saline. 

Our idea regarding the nature of the area of deposition of the 
Siwaliks finds support in a paper by the late Dr. N. Annandale (1» 

. .... pp. 144-146) who says that it is not necessary 

Annandale’s view. xi. ^ xi. i xi t i 

to assume that the Ganges and the Indus were 

ever connected together as rivers. The Peninsular mass of India 

was separated from the rest of Asia by a broad strait which was 

almost marine in nature. By the uplift of the Himalaya this 

strait gradually became narrow but did not altogether disappear. 

The streams that drained the southern slopes of the newly formed 

Himalaya should have brought plenty of detrital material which 

helped to fill in the depression. Annandale thought that there were 

large lagoons with interconnecting streams which constantly changed 

their courses. 

Now let us examine the hypothesis advanced by Dr. Pilgrim 
in support of the existence of his Siwalik river based on the study 
of the Boulder Conglomerate zone. At the 
^^Boulder-Conglomer- gj^alik system there is a more or 

leas constant horizon composed of pebbles and 
boulders in a silty matrix, and of varying composition and thickness. 
This is the Boulder Conglomerate zone. In certain areas it attains 
a great thickness as in the region between th*c Beas and the Cheriab 
forming the ridges bordering on the plains. East of the Beas, it 
thins down and gradually becomes a series of pebbly sandstones 
towards Assam. The pebbles and boulders vary in composition 
in different places. In the Beas-Chenab tract they are composed 
of white quartzites, dark traps, mumulitic limestones and other 
Tertiary rocks. Pilgrim has suggested that these Boulder Conglo- 
merates were the result of deposition by a large river which was 
constantly shifting its course. The materials of these boulder beds, 
according to him, were brought by tributaries from the Himalayas. 
The thinness of the boulder beds in Assam is explained as due to this 
region being near the source of the river and the thickness in the 
Beas-Chenab region as due to many tributaries. 

We have already discussed the improbability of the river having 
arisen in N. E. Assam and quoted Fox in support of our contention. 


Boulder-Conglomer- 

ate. 
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In t-lie Beas-Choiiab K^gioii tin* thickness of the Boulder Conglomerate 
is easily explained by the fae< that great upheavals were going on 
in the north-west Himalaya in the Upper Siwalik and post Siw’alik 
tin}(‘H. At the period we arc considering, the Pir Panjal was cither 
not in existence* or was only a low ridge which was unable to interfere 
with th(^ Houtfierly drainage from Kashmir. The quartz boulders 
and the tiaps seem to ha\'e been derived from the Muth Quartzite 
and the Panjal traps r<*spectively, while the Tertiaries have also 
(?ontributed their share of boulders and fine sediments. Again the 
larg(‘ width of the formation suggests the improbability of the area 
of deposition being a flood jdain of a single* westerly flowing river. 
The phenomena are better explained on the assumption of its being 
large lake basiits or lagoons which would have permitted the deposition 
of lK>uld(‘r.s and fin(*r sediments by glacial rivers flowing down from 
the hills. Por, w'e know that in the Boulder (Conglomerate times 
the PleistoeeiKi lee Age had already set in. The absence of siieh 
conspicuous Bould(‘r beds in tlie (‘astern Himalayas may be due to 
the uplift of this period not having been important enough to give 
the necessity rejuvenation and steep gradient to the rivers or the 
glaci('>rs flowing down from th(‘ hills. The Boulder be.ds therefore 
do not prove the existence of a large river flowing along the foot of tlie 
Himalayas. 


X. SUMMARY. 

An attempt Is ma<i.c in the preceding pages to show that the 
hypothesis advocated by Dr. 6. E. Pilgrim and Sir E. H. Pascoe of 
the existence of the Siwalik River (or the Indobrahm) has not enough 
evidence in support. In reveiwing the evidence, the Tertiary 
history of the sub-Hiraalayan zone and the adjacent plains is 
examined. 

In the north-w^est of India an arm of the Eocene sea extended 
up Sind, Ilajputana and the Punjab to Jammu and thence eastward 
down to Landsowne and Naini Tal. This se^ was apparently 
connected with the Tethys since the same Eocene fossil assemblage is 
seen also in the Tethyan or Tibetan zone, eastw^ard up to the meridian 
of Calcutta. Tin* easternmost exposure in the sub-Himalayan region 
is near Lansdowme, and it seems to show a sliallow'-water facies indicating 
the close proximity of the coast. It is interesting to point out that 
this limit coincides with tlie prolongation of one of the eastern ridges 
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of the Aravallis, whicli presumably acted as a barrier against the 
extension of this sea eastward in the sub-Himalayau area. 

At this period a ridge also extended from Southern Bihar through 
Kajmahal hills to the Shillong plateau which separated the Bay of 
Bengal from tlie area now occupied by the Ganges-Brahniaputra 
basin. The Bay of Bengal extended into the southern part of the 
Shillong plateau since Eocene rocks are seen along its southern 
border and also some distance further north. 

The first upheaval of the Himalaya brokt* up this Eexene sea 
in North-W('st Ijidia into isolated basins in which were deposited 
first the Chharats and later the MuiTe(‘s, the water gradually losing 
its salii\e eharaeter, since the Murreos an' considered as deposited 
in brackish water. Prohably a ‘ tore-dci'p ’ was formed at this time 
in the sub-Hiirialayau region east <d the Aravallis also, hut there 
is no evidence to that ('(Teet as tin* youngt'r sediments s('em to have 
comjdetely eover(‘d up the older ones. 

Tlu‘ next important uplieaval in the Middle Mioceiu' times pro- 
duced a pronounced ‘ fore-deep ' bordering the Himalayas to tlie 
south throughout llu'ir length. The Hanie upheaval presumably 
depressed the part of the ridge between the Rajmalial and tfie Garo 
hills, for w(‘ find that two thrust movenients affected the Assam 
plateau, one from the north and the other from tiie tnist. Thiiso 
liave produced transverse^ faults whicli have sliced the Assam plateau 
into blocks bounded l)y north-to-south faults* The Uajmahal gap 
appears to be a block which has Ix'cn faulted down as a result of 
these' movements. There is no cvid(*nce of such large tectonic 
movements in this region at a later period which could account for 
the formation of this gap. 

The ‘ fore-deep ’ was of the natim* of a series of practically conti- 
nuous lagoons into which flowed numerous transverse streams from 
the Peninsula and from the newly uplifted Himalayas. The sedi- 
ments brought by these streams into the ‘ fore-deep ’ formed the 
Siwalik strata, and the great thi<‘kues.s of wliich (over 16,000 feet) 
may be attributetl to the gradual sinking of the basins of deposition. 
The large amount of wat(*r brought into this ‘ fore-deep * by the 
rivers must have found an outlet in the cast through the Kajmahal 
gap into the Bay of Bengal, and other outlet or outlets in the west 
towards the Arabian Sea. 
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It itt difficult to accept the existence of a Siwalik River or the 
ludolirahm during this period for the following reasons: — 

1. As Dr. C. S. Fox has pointed out, at the place which is 

.suppoN<*cl to have been the source of this river there are 
deposits which point to the prevalence of estuarine 
conditions at this period. 

2. It is pointed out that in all probability the Rajmahal gap 

was formed during the second upheaval of the Himalaya 
in the Middle Miocene times, i.e., just before the com- 
mencement of tlie Siwalik deposition. When this gap came 
into being, a westerly flowing river could not have existed 
in the Siwalik zone of the eastern Himalayan region, 
for such a river could have found a ready outlet into the 
liay of Bengal through this gap. In the north-west 
Himalaya,, the excess waters would liavc naturally found 
an exit westward and south-westward, ultimately find- 
ing their way into the Arabian Sea. 

3. It is unreasonable to expect the vast thickness of the Siwalika 

to be deposited in the flood plains of a single river, 
liowever large it might have been. The facts arc more 
in keeping with the supposition that the Siwaliks were 
laid down in a ‘ fore-deep 

4. The occurrence of the closely allied species of dolphins in the 

tiangejl and the Indus basins is quite inadequate to 
support the Indobrahm hypothesis. These dolphins are 
apparently descended from the marine species which 
lived in the Eocene sea of North-western India. When 
the Himalayan movements took place, they became 
confined to the isolated renmants of the sea but had 
the opportimity of spreading out into the fore-deep of 
the Siwalik times and of adapting themselves to fresh- 
water conditions. It is thus that they are found in the 
present day Ganges and the Indus. 

5. The Boulder-conglomerates should have been deposited by 

the combined action of several rivers from the north, 
aided by recent (or partly contemporaneous) uplift and 
special flood conditions. We have very clear proof that 
post-pliocene uplifts took place in the North-western 
, Himalaya where this zone is particularly well developed. 
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Classification of the Gondwana System based on verte- 
brate FAUNAL EVIDENCE. By N. K. N. AiYENGAR, M.A., 
Assistant Geologist, and M. S. Venkataram, B.A., Offg, 
Assistant Geologist, Geological Survey of India. 

Olio of the oft-diacussed .subjects iu Indian is tbi^ ck.s.si- j 

fic'-ation of the*. Gondwana .systeun : whether it should hv. subdivides! 
into only two, tlie Jjower and the Upper, or into three as, Lower, 
Middle anel Upper. Much lia.s been said in favour «f and af^ainst 
either of these classifications based on the avaihible, pateontolo^ical 
and stratij^raphical information. TJiough the two-fold division 
is the oldest, and is supported by th(^ rnajorl^-y of Indian geologists, 
th(i upholders of the tripartite division are not nijgligible. The. 
history of the classification of tbi*. Gondwana sysUjrri Jjas be.iui 

recently discussed in great detail by Dr, S. Fox e.specially 
from the floral evidence (5, ])p. 75408, 180). It setuns worth- 
while to review the whole evidence available at pre.sent with 

regard to the age of the various subdivisions of the Gondwana 
rocks from the point of view of the vertebrate remains and sec 

which of the classifications is nearer the truth. 

The early geologists havcj 4 Jonfiacd thcjir attiuitioii mainly to 
the floral evidence ifor the classification of th(5 Gondwanas, but 
the faunal evidence has not been so far seriously examined. Though 
the vertebrate fossils discovered in various horizons of the Qond- 
wana rocks have been studied % paleontologists from time to 
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time and their opinions regarding the age of the fossib recorded 
in various publications, their views on the age of the rocks in which 
these fossils occur have not been made use of in the classification 
of the Gondwana system. Vertebrate fossils found in the Gond- 
wanas, though often fragmentary and confined to a few horizons, 
are, still of much importance as they give us independent evidence 
with regard to the age of the beds in which they occur; and again 
in certain cases s^irve as a che<5lc on the floral evidence. But it 
is imfortunate that most often the fauna and the flora do not 
occur together. 

The vertebrate fossils in the Gondwana rocks are reptiles, laby- 
rinthodonts and fishes. The chief occurrences of these are in the 
following beds : — 

7. Denwa beds on the northern slopes of the Satpura hills of 
the Central Provinces. 

6. Tiki ’beds of South Rewa in Central India. 

5, Maleri beds of Hyderabad (Deccan) State. 

4. Panchet beds of Bengal. 

3. Mangli beds of Nagpur. 

2. Bijori beds south of Pachmari scarp, Central Provinces. 

1. Oangamopteris beds of Kashmir. 

The respective positions of the above beds in the classification of 
the Gondwana system is given below 


Umia 

Jabalpur .... 

Kota 

Kajmahal .... 
Parsora .... 
Malexi, Tiki, Denwa 
Pachmari .... 
Panobet, Mangli 
Raniganj, Bijori, Kamtlii 
Banen measures . 

Barakar 

Karharbaii (Lr. Barakar) 
Umaria marine beds . 

Rikba stage 

Oongamopteria beds of Kashmir 
• Talofair boulder bed 


0 

. ^Talchir . 
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1. Qaogaffloiiteris beds of Kadunir* 

Near Khanmu in the Vihi district of Kashmir fish and labyrin* 
thodont remains were discovered associated with plant foasQs. I^ese 
beds are knovm as the Qangemoptem beds of Kashmir and have 
yielded the following fauna: — 

(а) Arekegotannu cmatw (Amphibia) 

(б) AcUnoitm riainensia (Amphibia) 

(e) Ambiypterua taahmirenais (Pisces) 

(d) Amblypterua aymmetricua (Pisces) 

Begatding the age of these beds, Dr. Smith Woodward who identi- 
fied Aredtegoaaurua mid Amblyptema is of the opinion that the 
genera are typically lower Permian in age (81, p. 10). The 
plants associa^ with these have been identified as Oangamopleria 
haahmirenaia and PaygtnofhylUm sp. by Prof. Sir A. C. Seward who 
considered the fiora to be Permo-Carboniferous in age (81# p> 8). 
Later, W. E. Swinton who examined another fossil amphibian 
collected from the same horizon identified it as Actinodon riainenais 
and assigned it to Upper Carboniferous age (88# p. 146). 


2. Bijori stage. 

Many fragments of the fossil remains of a labyrinthodont, 
Cfondwainoaaatma bijorienaia, consisting of axial skeleton, mandibles, 
skull and teeth were discovered in the Bijori beds of the Pachmari 
scarp, Central Provinces. In discussing the Ige of this fossil, 
Lydekker (18, p. 12) says that the fossil has afBnities to 
An^ugoaatmta, but it is more specialised. The specialisation indi- 
cates an approach to the higher labyrinthodonts, Maatodonaawus 
and Labyriaitiidon. Further he says {op. ck., p. 12). 

“ Judging from the foregoing, the age of .the Qondwanoaaunu should pro- 
bably be (homotaxia%) pennian ; and since the balance of evidence is in favoni* 
of regarding the Panchet group, which immediately overlies the Bijori group in 
which Ooadwanoaiairua was found, as of triassic age, the permian age at the 
Bijori group would accbrd well with this reference.'’ 

In discusting the age of the Bijori fossil Dr. 0. de P. Cotter (4, 
p. 29) says that: • 

"Two amphibiaiis are attributed to the Baniganj Stage of the D amudaa, 
MS., Gondutmoaomnu and Braehyopa. The former is allied to ArAaegoaavnu 
a genus found in the GaagsmoptetiB Beds of Kashmir,” (PsL Ind. New Ber. II, 
Mem. 2, p. IS) “and occurs at Bijori in the Narbada valley In company with 
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Sphenophyllum and Oangamopteria and other plants which indicate a Raniganj 
horizon. It iM obviouHly of Permian and not of Triassic affinities.*’ 

3. Mangli beds. 

A labyrinthodcjiit, Brachyops laliceps, was discovered near Mangli 
about 10 miles nort-h of Warora and 50 miles south of Nagpur. 
Dr. W. T. Blanford (1, p. i) in his note appended to Prof. 
T. II. Huxley’s remarks on the vertebrate fossils from the Panchets, 
says : 

“ I have already saggcHtod (Mem. (jeol. Surv. Ind., Ill, p. 134) the pro- 
habiliLy of tiie Mangli Im'iIh U^ing tM|uiva1ent in age, or nearly mo, to the PancheUt 
of the Raniganj field ” 

Regarding tlxs agf* of tliis fossil Lydekker (18, p. 13) thinks that — 

** the labyriiithodniit lirachyt^pa totirepH from the Kaiiithi (Mangli) group, which 
like the Rijori gioii)> U‘iongH uiaiiily to (he Daniuda nories, ih allied to a Ruropt*aii 
jiiriiHsie form {jRhiuoHuvnift), while the flora of the Danitidas has in many R^s{)eetM 
a deeideilly ineMozoi<; faeicH. VV^hat i.s aln^ady known «»f the distribution of fossil 
Horas in other parts of th<* world dof*s imt, however, forbid the view that the 
l)aiiiiida.s u.s a whole may eorres|M>nd 1o Iht^ tip)KM‘ paheozoics, with a |M)ssibility 
of their beds being lower triassie.” 

Thus we find that Lydckkf^r was not in a position to fix the age 
of the Mangli beds on the faunal i‘videuce available before him, 
but Hlaiiford eonsidered them U) be roughly Paiiehet in age. 
According t/O Dr. (b de P. Cotter, Brtichyops “ m supposed to lie 
ekjiW'ly ttllifnl to* (lie genus M ir.ru'pholh wbicli eharHot(*ri.seH the Proetdophon. zone 
(l^owei* 'IVias) of llw Reanhirl l>edK of South Afriea. One might theiefore 
doubtfully pliu'c the Mangli beds in the Trias.** ( 4 . p. 20). 


4. Panchet beds. 

A largt' number of fossil vertebrates, mostly of labyrinthodonts 
and reptiles, has been colleeted from some localities in the Panchet 
beds just north of Deoli (23® 39' ; 80° 53') near Kaniganj, Bengal. 
The early collections were examined by T. H, Huxley (9, pp. 1-24) 
and Lydekker ( 11 , pp. 1>36). The fossils are generally 
fragmentary, consisting of large number of vertebrae, imperfect 
skulls, ribs, and other parts of the animals. The following genera 
and species were identified by Lydekker in this collection : — 

(a) Dicynoion orientalis (Reptilia) 

{b) Bpicampodon {Ankistrodon} indicus (Reptilia) 

« (c) Piyehosiaymn (Ptychognathus) oriental, (Reptilia) 
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{d) Paehygonia incurvaUt (Amphibia) 

(e) OwMoglyptus hngirotUris (Amphibia) 

(/) Qonioglyftus huaAeyi (Amphibia) 

(p) Oh/ptognaihus fragilis (Amphibia) 

On the evidence of the labyrinthodont reraaiuH of Eniope, Huxley 
says ( 0 , p. 24): 

1 do not think it in ^^ermuuiible to affirm that the fjabyrtnthodoiita ai« 
either characteristically older Mesosoic or newer Palaeozoic — nature seeming to 
have spiead them, with great impartiality, throughout the Triassic, Permian 
and Carboniferous rocks as far down as the horizon of the English Carbonifer- 
ous limestone/* 

Discussing further about the age of the formation in which 
Labyrinthodonts occur, ho says- - 

in fact, the Ijsbbyrinl hodonts, as a group, as effectually bridge over the. 
gap between tlic Palaeozoic and Mesozoic formations, tis Teleostian fishes and 
the ( >roeodilia bridge over f hat betweem the Mesozoic and Cainozoic scries : and 
just as the discovery of skulls of new genera of Percoid fishes, or of Crooodilia, 
would leave tlie question of the Mesozoic, or Cainozoic age of the l)ed8 in which 
they occurred, open, so in ray judgment, doiw the occurrence of Labyrinthodont 
crania in th(^ upper beds of the Banigaiij coalfield leav(^ the question of their 
Mesozoic or PalaBozoic agt* undecided. 80 far an accuniulatioii of lUicert-aintieH 
may gi» l-owards forming a conviction, however, I should incline, in view of the 
whole vcrt>cbratc evideijcc (to which 1 confine inysc^lf), to the (ipinion that the 
Indian fossils ate cither of Triassio age, or lieloiig to that fauna which will unt^ 
day be discovered to fill up the uppiimnt hieak betwecwi the Palaeozoic and Meso- 
zoic forms of life.” 

Lydekker’s opinion on the age of the Panchet vertebrates is as 
follows (11, p. 2) : — 

” Prof. Huxley thought it probable f hal f.he8<» rocks might he of triassic 
age, hut (‘Oiisidered that the evidence was not sufTicicnt to make this ]>oin1 ciu- 
tain. Prof. Owen (19.) correlates the Panobpt nx^ks with Iht? KartM» nHtks, 
Africa, and says that the age of these beds lies betwwm the IriasHic and the upjMM' 
carboniferous jxjriods, but inclines to the opinion tljut they lielong to the fomier, 
....while Mr. W. T. Blanford ( 2 , p, 82 ) considers that the Panchet group 
should probably be regarded as of triassic age. It appears to me that., in the 
absence of a marine molluscan fauna in the Gondwana series (of which Panchet 
rocks fonn a group), no exact homotaxis can be made between these rocks and 
the rocks of Europe, since there is <10 definite standard of comparison. It is, 
however, probable that the Panchet group is not very far removed from the 
triassic.** 

Thus we find that Lydekker was not even as definite as Huxley 
in detuding tJie age of the Panchet fossils. • 
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Dr. Cotter thinks that — 

“ Ptychotiofum orieKlah is very probably referable to the genua Lyatrosttwnut 
a genus which oharaoteriaeB the basal beds of the South African Trias (Lyatro- 
sauruB aone) ” and adds 

"the Panohet Stage has been placed in the TiOwer Trias and there appears 
to be good reason for this view.” (4t p. 28). 

Recently some fish remains were obtained from the basal beds 
of the lower Panchets, south-east of the village called Kukhrakuri 
(23® 36' 63' ; 86® 68' 40") in the Raniganj coalfield by Mr. E. R. 
Gee (6t p. 206). These have been identified by Dr. E. I. White 
as— 

“ Anibliypterue, fishes which lived in the lakes and rivers of the Carbonifer- 
ous and Permian times.” 

Farther Mr. Gee points out that — 

“their occurrence in the basal Panchets (Maitur stage) gives these beds 
strong Palteozoic aspect and suggests a Permo-Triassic age for the Panchet 
series.” 

As a confirmatory evidence it may be pointed out that from the 
same horizon was obtained fossil flora-near a village known as 
Alkusa (23® 38' 46* ; 86® 51' 30*)- —which includes distinct Olossop- 
teris and Sehitoneura, oharacteristio of the Lower Gondwanas. 

5. Maleri-Tiki-Denwa. 

Reptilian and labyrinthodont fossils have been discovered in 
three areas : (1) nepr Tiki (23® 56' ; 81® 22') in South Rewa State, 
Central India, (2) around Maleri (19® 14'; 79® 38') in the Hydera- 
bad State and (3) Denwa, on the northern slopes of the Pachmari 
hills. Tiki and Maleri beds are considered to be of the same age 
on the evidence of their fossil contents, and the Denwa beds are 
correlated with the Maleri beds. Lydekker identified ( 14 , pp. 1-38) 
the following fossils collected from the Maleri and Tiki beds. 

Reptilia ; Hyperodapedon huadeyi 
Bdodon sp. 

Parasuekua hislopi 
Dinosawia 

Amphibia : Paehygonia ineurvata * 

Dr. T. Oldham ( 17 , pp. 300-307) identified the fossil fishes co|» 
lected from Maleri as — 

• Cerotodits virapa 
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• 

Ger€aodu8 Hunierianus 
CerataduB HMopianus 
Ceratodus Obhngus 
Lydekker ( 14 » p. 3) in discussing the ago of the Maicri-Tiki-Denwa 
beds expressfvd his doubt as regards the desirability of comparing 
tlic Gondwana fauna with distant faunas of Europe. However, he 
placexi the Tiki-Maleri-Denwa fossils in the upper Trias (Rhflstic 
and Keuper). Blanford in dealing with the age of the reptilian 
remains (8» p. 19) of Tiki and Maleri, stated that the genera 
Hyperodapedon and Paraauchua are Triassic as both genera occur 
in European Trias. 

Further collections were recently made from the Maleri and 
Tiki beds and the following fossils have been identified by Prof. F. 
von Huene (7, p. 39) as follows: — 

Labyrinthodont : Metopoaaur 
Reptilia : Parada/pedon huxleyi 

Paradapedon (?) indicus 
Phytosauria : Brachymchw (?) mederiensis 

Saurisuchia : Vertebrae 

The entire fossil collection as usual, ie fragmentary. Prof, von 
Huene says that : 

“ The Labyrinthodonts all belong to the Family Metaposauridae, which is oha* 
rocteristic of the lower part of the Upper Trias. Apparently the Indian forms are 

particularly I'elatcd to the North American geiiera Anaschiema and BueUeneria 

The neaiieBt recognisable relations to thi^. Indian Phytosaurs are found in 
the lower level of the North American Upper Trias (Dockum bcfds of Texas and 

Ohinle beds of Arizona and New Mexico) (31) 

Li oonsideriug the described fauna as a whole, it is seen that Rhynoho- 
saurids, Phytosaurs, and Metaposaurids are predominant and are groups which 
evidently are typical (32) of the lower part of the Upper Trias, ibai is to say the 
Lower Keuper of the northern hemisphere. In the Trias Saurischians are 
OQnfined to the Upper Trias, The occurj^ce of the Phytosaurs and 
Rhynchosaurids is against assigning the bods to the upper part of the Upper 
Trias (Upper Keuper) ”, (7, pp. 30-40). 

Aa tegAids Ceratodiu, accoidiug to Miall (15> p> 16) and 
Blanford (8> p. 19) it is chiefly characteristic of Triassio and 
Bhietio be^ of Europe. . 

A fossil amphibian collected from the Denwa beds has been 
identified as Mariodonsaurtu indieus by Lydekker ( 14 . p. 3) and 
his opinion regarding the age of these beds has already been men> 
tioned. Dr. Cotter is abo of tiie opinion tiiat Maiti>don$auru$ 
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indicuB in the Denwa beds indicates a Bhastic— Eenper age to 
these beds ( 4 , p. 26). 


6. Kota beds* 

These beds which are younger than Tiki-Maleri-Denwa beds are 
well developed around Kota near Sironcha in Central Provinces. 
The following fossils have been identified from these beds ( 10 » 
p. 125):— 

Pisces : Lepidoius deccemensis 
L. Umgiceps 
L. breviceps 
L, pachylepis 
L. calcaratus 
Telragonolepis oldhami 
T, analis 
T, rugosus 
Dapedokis egertoni 

As all these genera arc found in the Liassic of Europe, tluj Kota 
beds can be assigned to Lias. 

The Uraia (marine) beds have yielded Plesiosaurus remains, i.e., 
Plesiosaurus indicus^ which is said to range in time in Europe, 
from ** Lias to Chalk inclusive ” ( 11 , p. 28) but this genus is not 
of any help in deciding the age of the Umia beds as their age can 
be more accurately detennined by their marine fossil contents. 

c 

Conclusion. 

We have so far studied the views of various palseouUdogists 
<ui the age of the fossils examined by them. Now wo may sum- 
marise these facts in relation to the classification of the Gondwana 
system. 

Gangamopteris beds of Kaidimir. — Amblypterus and Archegosaunis 
from these beds arc considered by Woodward to be of lower Per- 
mian age while Actinodon from the same horison is assigned to 
upper Carboniferous by Swinton. In Europe we find that these 
three fossils are confined to lower Permian {see chart on p. 11). 
Hence it seems reasonable to fix the age of the Gangamopteris 
beds of Kashmir on the faunal evidence to range from Upper 
( !arbouiferous to Lower Permian. Prof. Seward^s opinion based on 
fidral evidence confirms this view. 
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Bijoii Mtit,-^6ondv(MU>iaur^ is coostdeied to be oIoBelt 7 allied 
to Archegottmnu arhioh is found in tbe Oaiigomopterit beds of 
Kashmir ; but it is more speciabsed. Thou^ it is genezallj 
unsafe to fix the age of any bed on the strength of a single new 
genus, here it serais reasonable to assign the Bijoti fossil to Lower 
to Middle Permian on the above evidence. Lydekker and Cotter 
are also of the opinion that the Bijori fossil indicates a Permian 

The Mangli fessil Braekyops laticepa, according to Lydekker, 
points lelstionship to a Jurassic form Rhmoaaunu, while accord* 
ing to Dr. Cotter this animal has great affinity to MioropheiiB 
which is characterislic of the Lower Trias of South Africa. Dr. 
Cotter’s view seems to be nearer the truth. 

Panohet beds. — ^Huxley points out (9, p. 24) that at first sight 
it is difficult to assign the labyrinthodonts of the Panohets either 
to the Pakeozoio or Mesozoic as they range firom Carboniferous 
to Permian with Triassio affinity. Prof. Owen correlates the 
Panchets with the Karoo beds of Africa and considers these beds 
to range from Upper Carboniferous to Trias, whereas Lydekker 
feels that it is unsafe to correlate beds of distant places on their 
fossil evidence but still thinks that the Panchets are not far ficom 
Triassic in age. Dr. E. 1. White thinks that the Amblyptmu in 
the Panohets is Carboniferous — ^Permian. 

We have seen that all the earlier pakeontologistB have indi' 
cated a more or less Triassic age for the Panchet fpssils but when 
the collection is compared with similsr fauna , in other parts of 
the world, we find confiicting evidence. For instance, Dioynodon 
of the Panchet age is confined to the Permian of Europe whereas 
it is found in the Beaufort beds (Lower Triassic) of South Africa 
and also in the Trias of North America. AnMyptenu, which 
occurs in the Maitnr stage of the Panchets and also in* the Chngth 
tnoptarii beds (Permo-Carboniferous) of Kashmir, is confined to the 
Lower Permian of Europe. ■ Epioampodon, a doubtful dinosaur has 
also Triassic affinity. When we consider the actual position of 
the Panchet Reptilian Bone bed we notice tiiat it occupies a middle 
horizon. It is above tbe Maitur stage where AnMypterua and 
Qloatoptent fiora were discovemd. If the Maitur beds represent 
about Upper Permian, the Bone bed and the unfossili&tous beds 
above may represent the Lower Trias. Hence the Panohets c«i 
be said to range ficom Upper Permian to Lowra Trias. This 
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explanation agrees witk the views expressed by many pabeontolo- 
gists that the Panchet fossils have Triassic affinities^ especially 
with those of South Africa and it is reasonable because evolution 
of life cannot be sudden, but is a gradual process. Generally 
fossils in the lower beds either persist into the higher beds or the 
fauna or flora of the younger beds show some affinity at least to 
those of the lower when there is continuity of life. 

Considering the fossils found in the next younger beds, Maleri- 
Tiki-Denwa, we And that with the exception of Pachygania incurs 
vata no other Panchet fossil persists into these beds. They are 
distinctly of Upper Triassic age and many of the genera are found 
in the Triassic beds of other parts of the world. The appearance 
of Massoapondylm, a definite dinosaur in the Tiki beds is the pre- 
cursor of the Cretaceous dinosaurs of the Lametas. 

In Peninsular India the geological conditions were not the same 
as in Europe at least in the Gondwana period. There may be 
strong reasons to divide the geological time in Europe into Palaeozoic, 
Mesozoic and Cainozoic, but oven this major division is not easily 
discernible in the Indian Peninsula. There appears to have been 
continuity of life and deposition in India from the Palaeozoic to 
the Mesozoic in the Gondwana period. The climatic condition 
of the Gondwana period seems to have been fairly uniform, but 
with a definite tendency to progressive desiccation after the glacia- 
tion up to the disappearance of the Olossopteris flora, when luxuriant 
vegetation flourished due to moist and warm conditions, i.e., firom 
the Talchirs (Carboniferous) to Lower Panchets (Upper Permian). 
Then began drier conditions when the Olossopteris flora died out; 
but the next wet conditions (of lesser degree) did not commence 
until the Rajmahal times. This interval is the period from Lower 
to Upper Trias. Some geologists are of the opinion that there 
might have been a break in the deposition about the Middle Trias 
when land conditions were maximum with least deposition. 

Taking all facts into consideration, it seems most reasonable 
to include all the strata containing fauna and flora with distinct 
Palaeozoic characters, although including some with Mesozoic affinities, 
into a lower subdivision, and the others containing fossils with dis- 
tinct Mesozoic characters into an upper subdivision. Such a sub- 
division can be easily made by including aU the beds containing 
the OlosBapieris flora and the Panchets with strong Palaeozoic charac- 
ters in Lower Gk>ndwana while the Maleri to Umia, beds with un- 
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Boistakable HeaoAoic fauna uid floia oan be grouped as Upper 
Gondwana. 
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I. INTRODUCTION. 

The occurreuce of inangaiieAe-ure in Barnra, one of the States 
under the Political Agency of the Orissa Feudatory »States, was 
brought to light by Mr. Girija* Shankar Deb, formerly Forest Officer 
of Bamra, who evinced considerable interest in minerals. Mr. Deb 
came across some lumps of manganese-ore in the liill near Pukbura 
(21® 35' 30^^ : 84® 17') in the south-west corner of Bamra. A 
specimen which was analysed by the Government Test Horuse* at 
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Calcutta showed about 64 per cent, manganese. In the field- 
season 1937-38, this was brought to the notice of Dr. M. S. Krishnan, 
who was able to map the area containing the manganese-ores and 
conduct a preliminary examination of them in the same season. The 
microscopical investigation of the ores was carried out by Dr. P. K. 
Qhosh, and the sections VII and VIII- A, embodying the results of 
the examination, have been contributed by him. 

The first author wishes to express his thanks to the State autho- 
rities of Barnra for the excellent facilities given him during the 
course of the field-work in their jurisdiction. 

Acknowledgment. suggestion they also put down pits in 

different parts of the manganese-ore deposits and had three samples 
of the ore analysed (by the Government Test House, Calcutta) 
which are used here with their kind permission. 

Our thanks are also due to our colleague, Dr. J. A. Dunn for 
much help received during the examination of the orc-ininoralM 
under the reflecting microscope. 

II. PREVIOUS WORK IN BAMRA. 

No geological work has been done in Barnra prior to 1926. In 
that year Mr. H. C. Jones, assisted by Dr. M. S. Krishnan, con- 
ducted a rapid reconnaissance of the whole State (area roughly 2,000 
square miles) during the course of about three months, and gained a 
general idea of *the geology, which is summarised in the General 
Report of the Geological Survey of India for that year {Records 
Geol, Surv, Ind,, LIX, p. 64, 1926). Though Mr. Jones had noted 
the occurrence of much limonite and lateritised rock in the neigh- 
bourhood of Jamunkira (21® 32' 30" : 84® 24'), the presence of 
nmuganiferous ores in them was not recorded. 

III. GENERAL GEOLOGY. 

Country Rocks. 

During the course of mapping on standard sheet 73 G/6 (scale 
Vsssl mile), in which the occurrence of manganese-ore was reported 

Granitic gneifs. * Krishnan found certain lateri- 

tised zones in which the ore invariably occurred. 
The coxintry rock in the south-western part of the sheet is a gneissic 
granite which extends northwards as far as Kuchinda (21® 46' : 
84*^ 21'), westwards into Sambalpur, and eastwards into Bonai 
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State. This granitic rock is very probably part of the same batho- 
lithic mass which occurs in Bonai.^ It is generally distinctly 
banded and gneissic in the area surveyed, the banding being due to 
its composite nature. It includes streaks and lenses, often partly 
assimilated, of mica-schists. The included lenses of schists have 
often developed garnet, and in rare cases sillimanite, as a result of 
metamorphisni. In some places, e.^., near Nagarabahal (21*^ 42' : 
84® 19') the rock is massive and granitoid but is never entirely free 
from a slight streakineas. 

The rock generally consists of quartz, orthoclase, microcHne and 
acid plagioclase, the last being rather subordinate. The felspars 
often show micro-perthitic structures, while 
te«*^"^**^*****^ chsrac- niyrmeldtic patches are also occasionally seen. 

Biotite and some hornblende are common, and 
these are fairly abundant in the markedly gneissic varieties. The 
accessory minerals are iron-ore, sphene and apatite. Muscovite is 
distinctly subordinate to biotite and hornblende. Tourmaline is 
rare and generally absent, thus contrasting strongly with the granite 
of southern Ranchi and Gangpur^ in which this mineral is abundant. 
Pegmatitic modifications are seen though not abundant and this 


may indicate that erosion of the upper j^art of the mass has procc^cdcd 
to a greater depth here than in the granite of Southern Ranchi. 

The general direction of the foliation of the schists as also of 


the banding of the granite is approximately W. 30® N. — 15. 30® S., 

subject to slight variations, 'fhis direction of 
Strike of follstlotiv « i>ii ”*a. xt o tj^ v 

the fold -axis (which vanes to N.W.-S.hi.) pre- 


vails in southern Bonai, Pal Lahara and the Mahanadi valley. The 


dip of foliation is high either to the north-east or to the south-west 
and may frequently be vertical. 

In the area with which this paper is concerned (sheet 73 C/6) 
the north-eastern portion shows ridges of quartzite and quartz- 
schist which, together with the mica schists 
^ ' (now occurring as lenses in the granitic gneiss), 

are pre-granite in age. There are also several, more or less parallel, 
‘ sills * of basic igneous rock, particularly in the south-western 
portion. These sills run mainly parallel to the direction of regional 
foliation, though occasionally "they are transgressive and become 


^ H. C. Jonee : The Iron ores of Bihar and Orissa. Mem, Oeol, Surv, Ind., LXIII, 
Pt. 2, p. 216» (1934). 

•M. S. Krishnan; The Geology of Gangpur State. Mem, OeoL Surv, Ind,^ 71, 
pp. 110-117, (1937). • 
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^lykeH. They are mainly Holeritic in nature and consist of plagio- 
clase (amlesine to lahradorite) and ophitic auj^ite which usually 
shows some iiralitisation and saussuritisation. Ilmenite and sphene 
are the rornrnon af*eessr)rip.s. When coarse, they may be called 
dioritc-^ahbro or ^/abh^o. A few of the sills are of the nature of 
pyroxene-^ranulifc, consistinjr of pyroxene, plapjioclase, some quartz 
and occasionally i^arnet. In one occurrence the pyroxene was found 
to he hyf)ersthenic. Hornhlende-pyroxenite or homblende-biotite^ 
^?abbro have also been met with. 

The basic sills in the south-western part of sheet 73 C/6 all seem 
to be later than the j^ranite and may possibly be of the same age 
as the Newer Dolerite of Keonjhar and South Singhbhum. It • 
may however be noted that they are different in composition, since 
quartz dolerites with granophyric structures are uncommon among 
those examined in Bamra. 

IV. LATERITISED ZONES. 

A few intensely lateritised zones arc seen amidst the country 
described above. They arc disposed parallel to the schistosity of 
the country rock and form long hillocks with rounded outline which 
can often be clearly distinguished from a distance. There is a 
tendency for portions of the zones to run en echelon ^ keeping to the 
general trend. They are enumerated below 

1. From Nakatipali (21° 37' : 84° 15') to Tikiba (21° 33' 30'' : 
84° 20') with a slight break at Phasimal (21° 36' : 84° 17'). This 
zone is continued in the hill three-quarters of a mile south of Kuagola 
(21° 33' : 84° 22'). 

2. A small ridge through Badibahal (21° 33' 30" : 84° 19'). 

3. Hillock at Kuagola and the long hillock half a mile south- 
west of Jamunkira (21° 32' 30" : 84° 24') ; slightly out of align- 
ment with this is a thin zone at Darhia (21° 32' : 84° 25'). 

4. From Mukteshwar (21° 33' 30" : 84° 22') to mile 22 on the 
Deogarh-Jamunkira road. 

5. .\ low ridge half a mile east of Tiklipara (21° 31' 30" : 84° 27') ; 
this however runs in a N.N.W.-S.S.E. direction askew to the general 
direction of foliation. 

6. From Kumbhiachuan (21° 36' : 84° 20') to north of Sarai 
(21° 35' : 84° 22'). 

In addition to these, there are a few smaller patches of the same 
nature located at : -three-quarters of a mile south-west of Quljipali 
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(2r 3(r 30" ; 84 18' 30"); Jarnumal (21" 37'; 84 ' 21' 30"); 

one mile north-west of Jamumal ; a <iuarter of a mile east of Nuadihi 
(21" 38' ; 84° 24'); ami one mile W.N.W. of Nuadibi. 


Distribution of ore. 

'rh«> soil of these /ones is dark brown to reddisl) brown and con 
bains interspersed lumps c)f limonito and manganese- ore. Large 

Koiildcrii boulders, some apparently in dtu, are also 

ex])osed in these zones. Some of the boulders 
are of sili(Mtif*d breccia , while others are ol‘ angular fragments of 
ferriignioiis «|uai-tzii.e or siliceous limonite cemented by abundant 
anastomosing veins of chalcedonic or opaline silic>a. Others consist 
mainly of limonite traversed by veins of manganese-ore (psilomelane). 
Occasionally also we lind a schistose* laU^ritised rock in which grains 
of quartz are fouml cemented by limoniiic material. Though the 
origiual minerals of siicli rocks have been c‘omplctely altered and 
rcplae«‘(l, their scaly structure suggests bioiitc or chlorite. These 

lateritised boulders an* found partiimlarly along the top of the ridges. 
Their surface is often found ribbed with veins standing out proini- 
neutly which, on closer examination, ])rove to be rnanganeae-ore. 
When broken, the veins show a banded structure. The boulders 
may also contain cavities lined with psilomelane, botryoidal limonite 
and soft pyrolusite. • 

The lumps interspersed in the sojl arc of ^jporadic distribution. 
Surface observations and data from a f<5w pits point to the conclusion 
that/ they are more abundant at the ends, on 
.umpa o ore. flanks, and near the foot of the hillocks 

than on the top. The ends on the hillocks are ])erhaps richer in 
them than other places. 

When coming across tliese lumps lying on the surface, it is not 
at first easy to say whether they are of limonite or of manganesc- 
„ ,, , , ore, unless they arc broken by a hanuner. 

After some expenence, however, a distmctiOD 
can be made in most cases without difficulty, since the manganese- 
ore lumps are more rounded and tend to show rounded botryoidal 
prominences. Moreover the highly manganiferous nodules are black 
while the limonitic ones are distinctly brown. Nevertheless there 
are gradations between the two, many of the lumps being 
manganiferous limonite. • 


l.umps of ore. 


Botryoidal lumps. 
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On breakinj? the manganese-ore nodules we see that they are 
composed mainly of rather soft pyrolusite, sometimes with thin 
veins of bright psilomelane. Botryoidal nodules are found especially 
in the Mukteshwar-Jamunkira band and in the road section east of 
Tiklipara. When broken open, they show concentric structures 
and arc composed of limonite, pyrolusite and occasionally grains 
of quartz in the centre. 

V. DESCRIPTION OF THE OCCURRENCES. 

Nakiipali-Phasimal , — In the Naktipali-Phasimal band, only 
lumps of limonite are seen near the former village. Where this 
goes through the northern border of the Binjipali Reserved Forest, 
there is equally no enrichment in manganese. Further east, about 
one mile due west of Phasimal, the zone is heavily limonitised, and 
a few lumps of manganese-ore were found, especially on the southern 
flank. Near the Baunsen nala also manganese-<;re is present, but 
sparsely distributed . 

Pukhura , — At the western end of the Pukhura village several 
pieces of manganese-ore were picked up. Two pits were put 
down here close to the dera-ghar (rest house) at a distance of 150 ft. 
from each other (pits Nos. 7 and 8). Each of these was taken 
down to a depth of H) ft. Pit 7 gave only a few lumps which 
showed nests of pyrolusite in a highly lateritised material. Pit 8 
gave somewhat r better results but even when the material was 
broken and sorted, the manganese-ore was visibly of low grade and 
amounted on the whole to only about 2 maunds^ (160 lbs.). 

Pits Nos. 5 and 6 were located south-east of Pukhura, No. 6 
being at the foot of the hill and No. 5 a little up the low flank, just 
inside the forest. Both these gave much limonitic material together 
with some inanganiferoiis limonite. 

Pukhura- hhairdihi-KriitfiaUn , — The hill between Pukhura and 
Krimaloi (2r^ 35' : 81° 18' .30") shows large masses and boulders of 
limonite along the top, much of it having the appearance of being 
in situ. Crusts and veinlets of psilomelane are found on these 
rnasses. The flanks and the ends of the hill show fragments of 
highly lateritised schistose rock and liynps of limonite and manganese- 
ore. 

The lumps, when broken, show a rather porous or cellular mass 
consisting of dark brown patches of limonite and black patches of 

* One mauQd=;8S)> lbs. avoir. 
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manganese-ore. Nests of dusty pyrolusite, grains of quartz and 
occasionally even tiny patches of kaolin are found in the lumps. 
The more manganiferous lumps are made up mainly of pyrolusite, 
but j)art may be psilomelane, especially in the form of veins tra- 
versing the pyrolusite and manganiferous limonite. Sometimes con- 
centric and mammillary layers of psilomelane are found superposed 
on one another, the surface of the layers and any cavities among 
them being coated with soft pyrolusite. A few lumps were also 
found which consisted of radiating fibrous limonite, the fibres being 
perpendicular to the curvature of the concentric layers. 

Pit No. 4 at the eastern brow of the hill just south of Khairdihi 
(3 furlongs north-west of Krimaloi) 3 rielded only a few large lumps 
of limonite with thin veins of manganese-ore. It is apparently too 
close to the massive boulders of the top of the hill. 

Fits 1, 2 and 3 on the eastern flank (or end) of the hill, a little 
to the S.S.W. of Krimaloi gave the most promising results of all the 
bands in the area mapped. Of these, pit No. 1 was only a few 
feet above the level of the pass connecting Krimaloi with Bandhbhag 
village which lies to its south. Pits Nos. 2 and 3 were located up 
the same flank at distances of 100 ft. from each other. Of these, 
No. 3 was entirely soil to a depth of 7 feet with only a few lumps 
appearing in the lower portion. Pit No. 2 was entirely in soil for 
the top 4 feet, lumps of ore appearing below this depth. The lower 
portion, of mixed soil and lumps, gave about 2 maunds of lumps per 
cubic yard of material excavated. About a half to one-third of 
tJie lumps was manganese-ore of fair quality. • Pit No. 1 was deep- 
ened to 17 feet, the whole of which, excej t one foot of the top, 
gave lumps of ore. The material near the bottom was quite damp 
and the lumps comparatively soft. The total amount of lumps 
of limonite and manganese-ore recovered from this pit was about 
40 maunds, which was broken up *and hand-picked, eliminating 
limonite and very low grade ore. The amount thus concentrated 
was about 26 to 27 maunds (say about 1 ton) of fair quality. This 
‘ concentrate * represented about 1 to 1^ per cent, by volume of the 
material excavated and a little over 1 maund (about 90 lbs.) of ore 
per cubic yard of earth. 

Ktimal<n-Tikiba-Jamunkira.— Between Tikiba and Krimaloi 
lumps of ore were seen on the southern flank of the hill north and 
north-west of Rankibahal (21° 34' ; 84° 19') and north and north- 
east of Badibahal (21° 33' 30* : 84° 19' 30*). The band pacing 
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through Badibahal seems *to be very poor since only a few pieces 
from hfTe showed any ore The occiirren<jes around Kuagola (2P 
:\2' : H4' 22') are not at all promising. The thin zone south 

of .ramunkira yieHerl a few lumps of iriaiiganese-ore, about 5 feet 
behiw till* surfaee. A shallow section of this was visible as 
e.xeavations had been made at its eastern end for the purpf)ses of 
obtaining ‘ mooruin ’ for road-making. 'I'lie, |.op I to o feet i.s red 
sr)il in wfiieJi oc,<nir very highly altere.d and latt*ritised gneissie, roe,k 
especially in the centre of the knoll. 'Phe ore lumps were found 
in the excavation on the southerri Haiik. The distribution of 
manganese-ore in this locality as well as in the patch near Dnrhia 
is far too sparse to be of any eeonomi<* importance. 

Mukteshwar-Jamunkim. In this zone, which extends from 
Mukteshwar to mile 22 on the Deogarh-Jamiinkini road, lumps of 
manganese ore are found in several places, except near tln» western 
ernl. Large hhwks of limonile with enenistatioiis ami veins of 
tnanganeseore an* Fonn<l alongside tlie .lamuiikira-Khojpur road 
ami also further east. Tlie lumps are parti(‘nlarlv al)umiant in 
the hillock just nortli of Jamunkira and also on the southern Hank 
ami eastern end of the hill further east (/.r., hill marked 1225). 

Tiklipara. At 20 miles l.l furlongs on the Dcogarh-Janiunkirn 
road, a low ridge crosses the road in a N.N.VV.-S.S.E. direction. 
In this cutting (southern sid<‘ of the road) a large number of lnm]>s 
of botrvoidal manganese-ore were r,olle('ted. This ridge (ontinues 
S.S.K.- wards for over I wo miles ami slunvs lumps of ore in several 
places. 

Kour pits were put down along the eastern flank of this zone 
each to a depth of 8 feet every 50 yanls from the road cutting 
southwards. The first pit (50 yards soutJi of the road-cutting) 
yielded less than half a mannd of lumps per (mbic yard. Pits 2 and 
4 yielded little or no good manganese-ore. Pit :i gave the best 
yield of the fotir, amounting roughly to tnaund of lumi)s per cubic 
yard of material excavated. 

Sarai and N^mdihi, — Manganese-ore was found only at two 
localities amongst the^ other occurrences mentioned. These are the 
pass between Sarai and Kiajharan, and the hillock just north-east 
of Nuadihi. In the other bands there is either no segregation of 
manganese-ore or it is so poor in quality that further attention is not 
worth while. 
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VI. COMPOSITION OF THE ORE. 

A few spccirnena were selected, from atiioiigst the large number 
enllectod in the field, for analysis in the laboratory of the iTOological 
Survey of India. The ore recovered from tJie following pits — 
Khairdihi 1 and 2, and Tiklipara was broken and hand picked to 
improve the grade, as mentioned already, and a samplo was taken 
IVoni each and sent by tin* State for analysis by the (lovermnent 
'Pest House at Alipore, ralmitta. Tlie analyses are siiown in the 
following table : - 


Tablk 1. Analyae^ o/Jifanyavrue-ores from liamra. 



1 

1 

2 j 

8 

4 

6 j 

A 

7 1 

N 

!> 

10 

n 

MU) . 


18*25 

41*53 

37*70 

35*00 

3101 

32*93 

22*02 

10*77 

:i8*VM)* 

32*40* 

17* HO* 

Kr 0, 


28«74 

33*47 

38*59 

43*31 ; 

19*29 

38*69 

00*91 

03*00 

21*00 

36-00 

4992 

MO, 


0*72 

2*42 

3*70 

1*54 

11*20 

3*21 

.'{•5h 

5*51 

11*70 

9-80 

11*66 

TIO* . 










1*03 

0*50 

0*46 

AIjO, 








1 

1 


10-37 

0 10 

6*83 

CaO . 










0*50 

0*50 

0*00 

Mi2;0 










»)*42 

0*64 

0*42 

15aO . 


4*38 

2*60 

0*68 

0*87 

0*61 

1*38 

0*50 

0*83 

2-5At 

2*06t 

l*02t 

s 


0*15 

0*08 

0*24 

0*18 

005 

005 

0 04 

0*21 



.. 

IVO, . 


0*32 

006 

0-24 

0*27 

0*13 

Iran* 

0 29 

0*03 

0*2t) 

0 27 

0*40 

H,0 - 









• 

1 (13 

0-98 

1*08 

H,0 i 










11*32 

10-12 

9*67 

Kp 


22*34 

26*02 

3000 

33*66 

1.5*00 

30(10 

17*37 1 

48*97 

10* Hi) 

27*98 

38*80 

Mu . 


37*86 

32*16 

29*24 

27*11 

26-HO 

25*50 

17*0.5 

12*99 

28-02 

23*34 

12*82 

Total 

Fe^Mn 


1 59*70 

1 

68*18 

69*24 

60*77 

41*80 

55*50 

1 

64*42 

j 61*90 

44-91 

51*32 

51*62 


* Hcporf^ed m 31u, 04 ; f llr-imrUMl «*• liuSOi. 

Speeiment UnalyAed by E. Ji. Gho^e, GcoloKicHi Siirvuy Labr>rat<jry). 

1. HllJ E. of Jamnnklrii (Np. No. HI. H.). 

2. Khairdihi near pit 3 (140). 

3. Khalrdlbl pit 1. 

4. Jambahulla (near Saral) (153). 

6. Tlktlpara road ctttinc (80). 

0. Between TlkJba and Badlbahal (121). 

7. Khairdihi pit 2. 

8. Rankibahal (113). 

Pit nampUt (analysed bv the Oovcrnin<jf»t Tc«t, lIour<e). 

0. Tiklipara pit 3. 

10. Khairdihi pit 1. 

11. Khairdihi pit 2. 





lu 


Records of the Geological Survey of India. [ VoL. LXXV. 


Aa ia usual with lateritic ores, the analyses given above show a 
great variation in the abundnace of manganese and iron oxides as 
well as other constituents. The manganese content ranges between 
13 and 37 per cent., and the iron content between 15 and 49 per 
cent. The ranges from 0*03 to 0*62 per cent., the average 

value for the 11 analyses being 0'23 per cent. Only partial analyses 
were dune in the Geological Survey laboratory so that all the usual 
constituents are not shown, but a general idea of the content of 
AlgOj, CaO, MgO and water can be gained from the last three analyses 
in Table 1. 

^For purposes of comparison we append below some analyses 
taken from Sir Lewis L. Fermor’s memoir on the “ Manganese-ore 
Deposits of India ”, {Mem. Geol. Surv. Ind., Vol. XXXVII, pp. 389 
and 510-513, 1909). These are mainly of ores of similar lateritic 
origin from various parts of India. 


Table 2. — Analyses of ferruginous mangaiu'sc-ores {mainly lateritic) 
from various parts of India. 


District 


Manguticao 

Iron 

Silica 

rhoHphoruA 



r iiiiiiKo . 

-2U-C0 

25-iUi- 41-30 

14-70 18-10 

0-35- 1-18 

Siiitflililiiiiii . 


1 , Mi*an • 

11-84 

3 1-03 

lt>-4G 

0-74 


• 

r Kangt: . 

S-34 -60-85 

01- 51-88 

0-65-2-7 

0-01-4)-J2 



[_ Myan , 

41-77 

10 33 

1-40 

0-035 



f Uangr • 

H»-4r. -38-48 

13-3-25-3 

7-0— 31*0 


Dliurwur (tiunRli) 








i. IVIVAII . 

31-ai: 

16-8 

10-1 

• a 

JubhiiliHurc . 


Kango . 

I 

0-20 -26-tf 

111-17—47-10 

4-40—23-40 

0-02—0-85 



. Mc»u . 

20-2U 

28-78 

12-00 

0-25 

ihuijaiii 



28-44 

10-70 

10-25 

0-71 



r Kniiui* . 

SU-17~ 54-30 

5-38—10-40 

0-43—1-00 

0-02—0-03 

'liarMiiir . 

• *1 

LMoaii , 

47-75 

11-45 

0-61 

0-030 

VizagapaUm . 

• •] 

1* Range . 

32-21—40-05 

4-80—15-70 

1-10-10-30 

0-lS— 0-48 


1 

L Mean . 

4206 

11-22 

4-20 

0-27 

Shtim»;a 

• 

1* Uaiige . 

34-51—65-04 

4-01— 17-26 

0-22—6-75 

0-01—0-14 


1 

Mean . 

37 

• 16 

4 

0-035 

Ooa(Kulan) . 


* 

38-30 

20-58 

Cl 

0-130 

„ (Kuiuivwaili) 

• • 

• 

21-32 

30-53 

Cl 

0-167 

•» vScrvvma) 


• 

3S-5T 

20-70 

2-16 

1 0-106 
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An interesting feature of the analyses in Table I is the BaO 
content shown. One specimen, a botryoidal hiinp from the road- 
cutting near Tiklipara shows as much as (>*(>1 
Con«fltucni8 ; cent., and another from the hill cast of 
Jamunkira shows 4*38 per cent, of this 
constitutent. In the Government Test House analyses this con- 
stituent has been calculated into barium sulphate and reported as 
such. Fermor mentions (Meni. GeoL SurtK Ind.^ XXXVII, p. 522) 
that BaO was found in most of the 78 analyses carried out by 
J. and H. S. Pattinson, on Indian ores from various localities. 

The largest amounts were found iw pyroliisite-psilomelano and 
hollandite ores : - 13*76 per cent, in psih^melane witli pyrolusite 
from BisrAmpur, 15*08 per cent, in i)8ilomelane from Tekrasai, 
both these localities being in Singhbhuin ; 17*59 per cent, in a speci- 
men of hollandite from Kajlidongri. The average for the 78 analyses 
was 1*88 per cent, while that for 22 analyses of ores from the Vizaga- 
patam district was 2*03 per cent, the range being from 0*03 to 9*53 
per cent. It is presumed that the baryta is present in the ores as 
barium-manganate (Bag Mn 0^) or some similar conipound. This 
constituent seems to be particularly abundant in pyrolusite, polianite, 
psilomelane and hollandite, though most manganese-ores contidn a 
small quantity. 

CaO and MgO are present in appreciable (juantities as shown in 
analyses 9 to 11. The zinc-manganese mineral chalcophanite has 
Zinc oxide heeii identified under the reflecting microscope 

in some of the ores from • Bamra {see p. 16). 
The presence r)f /.inc has also been connrrnc'd by m(*.ans of micro- 
chemical tests on the ore. Though no attempt lias been made to 
determine ZnO ijuantitatively in the specimens analysed, manganese- 
ores are known to contain this in measurable cpiantities, for Ferrnor 
has recorded (loc. cit.y p. 527) that 15 out f)f 25 ores analysed 
showed this constituent, the maximum being 0*55 per cent, and 
the average being 0*102 per cent. 


VII. MICROSCOPIC EXAMINATION. 

A microscopic examination of the ores in thin as well as in 
polished sections reveals the presence of several minerals, some of 
which undoubtedly represent the original constituents of the country- 
rock, while the remainder are of secondary origin. 

The following minerals have been detected: (1) Quartz, (2) 
Chalcedony, (3) Biotite, (4) Tourmaline, (5) Magnetite, (6) Haematite, 
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(7) Limonitc, psciidomorphoua after Iiaomatite, (8) Liinonite, amor- 
f»hou8, (9) Gcotbite, (10) J^jliaiiite, (II) PyroJusite, (12) PHilomelane, 
(13) Pailornelane component No. 3, (14) Chalcophanite. 

Primary (rock forming) minerals. 

QhwIz ill Its textural relationsliip to the mangaueac minerals is 
stjcn in fchin aeistion. It is often shattered and shows iindula’ 
tory extinction. Later luangauilerous solutions permeate and to a 
considerable extent replace quartz along cracks (vide Pi. 1, hg. 1, 
thin section, No. 26,638). 

OhcUoedony, introduced mainly during the iateritisation of the 
( ountry-rock, has replaced quartz, partly or completely. It shows 
ii colloforrn structure and is associated in parallel bands with goethite, 
HometimcA alternating with it. It is perceived even in hand speci- 
iiions and is characterisiMl b}' a redilish brown colour iliie lio the 
presence of gmtliitc. 

There is also some evidence of the existence of pre-iateritic chal 
cedony. Like quartz, this shows signs of replacement by manganic 
I’c.rous solutions, l^atches of chalcedony (pre-manganese chalcedony) 
occur in varying sizes and show varying degrees of corrosion by 
manganese minerals, t^uartz and chalcedony are by far the must, 
firevalent of thi' original minerals of the country-rock, 

Biotite. -Only a single flake of corroded and partly bleached 
biotite has so far been met with in thin sections of the ores. There 
are, iu addition,* some wisps of limonitc or geethite associated with 
iiiterfoliar chalcedony, whicli together simulate biotite crystal out- 
lines ; it is possible they represent the biotite of the original country- 
rock. (JoDipared with quartz, these doubtful biotite pscudomorphs 
are insignificant iu amount. 

Tounnalim. -A few grains of a greenish yellow, idiomorphic but 
shattered tourmaline, veined by manganese-ore, are noticed. Un- 
like quartz, these do not show any sign of corrosion. The origin of 
the mineral is probably connected with granitic intrusion into the 
mother-iock. 

Primary ore minerals. 

The ore minerals which have beeq detected in polished sections 
are the following : — 

MaynetUe is observed under the microscope as isotropic grains 
of a grey colour with a slightly reddish tinge ; sometimes a bluish 
tinge, indioatiye of a higher state of oxidation of the mineral is also 
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observed. Magnetite is invariably accompanied by hflematite which 
is generally found along the octahedral cleavage planes (PI. 1 , fig. 2 , 
Polished section No. 404). All stages of convtTsion of magnetite 

into haPinatite can be detected. 

Hcewaiite is recognised under the ii\icroscopc by its character- 
istiically high refl(‘ctive power. whitA' colour and anisotropisin and red 
internal reflexkni. Polysynthetic twinning is often present. It 

may occur by itself in the midst amorphous limonite, gcathit/e 
and psilomelano and als 4 > in polianite and pyrolusite and may show 
invasion and replacement by 1 hen». It is found in all stages of 

corrosion both by inanganiferous and limonitic solutions, so that 
tlie .sizt‘ of the individual grains is variable. It may be found in 
fairly well-developed crystalline aggregates, as well as in irregular, 
rod-shaped, crescentic and partly rounded forms of varying sizes 

in the replacing media. Its relationship to other minerals is well 
brought out by etching, particularly in tlu* case*, of a manganiferous 
(i.e., pyrolusite-psilomelane) environment which turns black on treat- 
ment wnth H 2 SO 4 +H 2 O 2 , leaving the liaematite unaffected (PI. 1, 
fig. 3 ). Jn suitable sections it appears in parallel rows of grains 
and laths indicating tlu'i (?) bedding pianos or planes of sehistosity 
of the country-rock. 

Frequently, it is found replacing magnetite along cleavage planes. 
Sometimes the marginal portions of the magnetite crystals are con- 
verted entirely into heeraatite, tin* central core remaining almost 
unaffected, while the intermediate portion is a zone of replacement 
in varying degrees. Such phenomena of martrtisation of magnetite 
are well-known. 

The minerals described so far may bo called the original mineral- 
constituents of the mother-rock. Judging by those minerals, the 
replaced rocks seem to be. niagnctite-hffmatitc’s-quartzites and biotite- 
qtiartz schists. 

Secondary ore minerals. 

The metasr>matjc minerals fonned during the lateritisation of 
the country-rock are the following 

LimoniU't psftudomorpfums aJUr JujpwxitiU', 

i 'oUmr.—' Dark grey, almcmt like bniuoite. 

Hefltetwity. — Decidedly lower than that of litemalile. 

Crossed nicols. -Fevhlo anificilropism which is HometirueH maaked hy 
its red internal reflection ; MonictinieH u closely 8pac4;d 

triangular pattern is observed, • 
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Tlui limoriit<i has exactly the same external form as that of 
haMnatit<‘ (h*s(dbed above, and occurs in the midst of amorphous 
Iinionit<*, an<J {'(nthite as well as psilomelane, polianite and pyrolusite, 
beint' also replaced by them. Under high magnification (oiWmmer- 
siori), rcninants of magnetite are found in the mineral, having the 
same relationship as in hsematite. At first sight the limonite 
apfasars lik(‘ hternatitfj with unreplaced magnetite-remnants in it, 
blit its reflectivity, especially under oil-immersion, is decidedly 
hiss. The triangular pattern observed under crossed nicols is 
reminiscent of the structure of inagnetite-haBmatite intergrowths 
where hflernatitii has largely replaced magnetite along its octahedral 
c]e,avage planes. 

It would appear that hcematite which originally replaced magne- 
tite has itself been pseud omorphed by limonitts preserving the 
original internal Htructure. Magnetite seems to be unaflFectol by the 
process of limonitisation. Th(\se limonite pseudomorphs are also 
often found as inclusions in the inanganiferous minerals, being undoubt- 
edly earlier than tlu* amorphous limonite and genthite which are 
ibvscribed below. 

JAmonite, ainorphmiH. 'Phis is the coimnonest. product of “ hitcritisation ’ 
and forms the bulk of the ores. 

CoUnfr . — Dark gey with a reddish mauve tint. 

than that of the above-mentioned mineral, almost 
as low tis <iuart/. 

(jfossf^d iiicolH, — Nt) anisotropic effect, but appc'ars i>orous, and shows 
the characteristic n'd and sometinu^s orange-yelh>w intf'rnnl reflec- 
tion, e8)iL*eialJy noticeable along the margins. 

Hardness. -Lower than that of the above-mentioned mineral, but 
higher than that of goethite. 

It occurs in fairly large, irregular and amorphous masses, is 
porous, and varies in reflectivity from place to place. It is largely 
veined and replacetl by goethite and the manganese minerals {vide 
PI. IT, figs. 3 and 5, Polished section No. 406). 

(Uelhite — 

Coloar , — Dark gn^y like amorphous Hmonite but perceptibly lighter. 

Reflectivity . — Slightly higher than that of above. 

Plfochroism. — Noticeable, 

Crossed niccts, — Anisotropic in dark greys with red to orange internal 
reflection. 

Hardness, — Lower than that of the above-mentioned mineral. 

It is decidedly later than the amorphous limonite, and is found 
veiling the latter (PI, II, fig. 3), Its time sequence with regard 
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to the maDganiferous minerals is variable, being sometimes immediate- 
ly post-limonite and pre-manganese-ore, sometimes post-manga- 
nese, as it is found veining as well as replaiung all the manganese- 
ores and is associated with chalcedony. This cbalcedony is discer- 
nible in hand-specimens and is usually brown in colour, due to a 
large admixture of wisps of goetbite. In polished sections those 
two minerals appear in concentric zones and pn^sent the usual ‘ gel ’ 
structure. 

Poliatiite and pyroluMic — 

Colour.— with a yellowiah iiiigo. 

IHeochroistn. — Notiwablc. 

Reflectivity . — H igli. 

Crossed niculs . — Chamcteriaiic tnaiivo. blue anil yellow colon i*. 

PolianiU, in polished sections, is sometimes characterised by a 
marked brass-yellow colour, noticeable even to the unaided eye. 
It occurs ill larger masses and is harder than pyrolusitii. It is 
fairly abundantly developed and among the mangaiH^se-minerals 
is next in importance to pyrolusiU^. and psiloinelane. The polianiie 
crystals are large and idiomorphic, often with regular cleavage- 
planes arranged perpendicular to the direction of elongation. (PI. 
I, fig. 4). The cleavage-planes may not always be well-marked, 
but show up well on etching. Undulatory extinction is sometimes 
observed. 

The mineral is sometimes found occurring in the druses iu psilo- 
melane and limonite, and is definitely of surface origin. Sometimes 
it is as early as psilomelane, the two having been deposited simul- 
taneously. It may also be replaced by lat^»r colloform psilomelane 
(PI. I, fig. 4, PI. II, figs. 1 and 2, Polished section No. 400). 

PyrolusUe has been observed in several generations. Sometimes 
one vein crosses and displaces an earlier vein of the same material 
in psilomelane and limonite. The acicular crystals of these veins 
are arranged perpendicular to the vein-walls ; not all the crystals 
extinguish simultaneously, so that under crossed nicols, the structure 
simulates polysynthetic twinning. Pyrolusite also commonly occurs 
in alternate rings with colloform psilomelane, goetbite and chal- 
cophanite. 

Psilomelane — • 

Colour . — White 

Refledivity . — High but vanable, and lower than that of p3rroliiHite. 

Crossed nicols. — Isotropic. 

Easily darkened by 1 : 1 HCl, with development of widely spaoo 
triangular markings. * 
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It IB largely rlevc^loped and occurs in more than one generation* 
Tlie earliest type, which is probably simultaneous with polianitc, 
is more or less hoinogeneous in texture and in reflected light, the 
whitest of the different varieties ; only remants of this early psilo- 
riielane is preserved, the mineral having been considerably replaced 
by pyrolijsiti;, chahophanite ami gmthite. 

The latcjr gcmerations of the mineral vary considerably in hard- 
ness and brightness, preserve tho colloform structure, and may 
occur in cavities in polianite (PI. I, fig. 4 ) and limonite. Liesegang 
rings with alternate bands of psilomelane, chalcophanite and other 
manganese minerals are common (PI. II, fig. 4, Polished section 
No. 407). 

pMUmnelnnCt romponent 3 of SchneuhrhoJm — 

OoUmr. — Grey white, almost like that of psilomelane in low power 
objc'ctive. 

Reflectivity, — Ah high as pHilonudane, but lower in the direction of abKorp- 
tion. 

PleocJiroism,—liQHt tmm under oil-irnmersion» grey-wliite to reddish- 
brown. 

Grossed nicols, — Anisotropic efToct is very high, between gre3d8h white 
to reddish grey white. 

HCl, cone, does not act so readily on the mineral os on psilomelane. 

It is evidently a late mineral and occurs with the later developed 
colloidal psilon^^lane in solution-cavities in polianite or in vugs in 
limonite, in the latter occurrence alternating with psilomelane and 
chalcophanite. It is present in very fine needles and is best observerl 
under higher magnifications. Droplets of psilomelane show, under 
high magnification, the presence of numerous small radiating or 
sub-parallel needle-like crystals in i-ertain zones. It may form the 
outer rim of psilomelane (PI. II, figs. 1 and 2) ; it has also been found 
to occupy the central portions of tlic spherules. 

CkalcAyphanite— 

Colonr , — C^rey with a tinge of light violet; varies in (iolarisc^d light 
tetw«^n dark violet grey and light grey ; 

Reflectivity, — Maximum when iu*e<lk*s or flakes have long axes paralic^l 
to the nicol ; in tliis position reflectivity is slightly lower than that 
of polianite ; maximum absorption is at right angles, and reflect- 
ivity is almost as low as that of the gangue mincmls. 

('roessd nicols, — Strong anisotropism, colour varying between white 
and greyish vvith violet tinge. 

, Hardness, — Fairly soft and is easily scratohed. 
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This is one of the last rasnganiferous minerah to form, teplaomg 
psilomelanc and veining linionite and goethite (i'ide PI. II, figs. 3 and 
5). It also forms alternating rings with psibnielane (PI. II, fig. 4), 
indicating that the two luiuerals origmated practically simnlta* 
neously from solutions alternating in chemical composition. In 
these rings, the crystals are aligned with their long axes perpendicular 
to the channels. 

■ Sometimes chalrophanite forms spherulitic and sheaf-like flaky 
aggregates in cavities in limonite. It is generally found as an 
alteration product of franklinite, usually accompanied by another 
secondary mineral, hetssrolite. In the ores studied, however, neither 
of these two minerals has been found. As in the case of the purely 
manganiferouB minerals, this zinc-manganese mineral is of surface 
origin. Beyond the fact that these minerals have been derived from 
percolating waters, microscopical examination has not so far elicited 
any evidence as to the actual source from which the materials have 
been derived. 


VIII. ORIGIN. 

A. Microscopic evidence. 

An examination of the soctions ntakes it clear that the c.ountry* 
rocks composed of gneissic granites and mica-schists were subjected 
to processes of extensive metasomatic replacements in three succes- 
sive stages in the following order, viz., (1) limunitisation or replace- 
ment by more cr less purely ferruginous soliitfons accompanied by 
the hydration of pre-existing iron-minerals, leading to the formation 
of amorphous limonite, (2) manganiferous and ferruginous replaco- 
menta, i.e., replatssmenf/S by psilomelanc and polianiie and contem- 
poraneous goethite, and (3) manganese-zinc and ferruginous replace- 
ments, i.e., pyrolusite-psiloinelahe-chalcoplianite-gcethite formation 
with contemporaneous chalcedony. 

The proceases may be described as follows: — 

(1) LimonUmUion . — Under this is included the formation of 
abundant amorphous limonite doe to weathering and to the influx 
of ferruginous solutions. Muql» of the iron was probably derived 
from the ferruginous constituents of the rocks. This stage represents 
the earliest of the supergene alterations, since remnants of limonite 
are found embedded in, and veined by, psliomelane and polianito, 
gnd also goethite and chalcophanite. In no case has it been fopnd 
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to be later than the minerals named ; on the other hand, it seems 
to be a frood deal earlier than the secondary minerals, as its disposi- 
tion is in all cases discordant with those of the secondary minerals. 

In addition to the amorphous typ<i, there is a pseudomorphic 
type (pseudomorphic after haematite). There is no clear evidence 
as to the relative ages of the pseudomorphic and amorphous types. 
The former is found embedded in the latter suggesting that the 
pseudomorphouR type is the earlier of the two. It may however 
have arisen at the same time as the amorphous type ; the conver- 
sion of haematite to limonite implies hydration and there is no 
reason why the conversion mi«^ht not have been brought about by 
the same solution that was pr(H*ipitating the amorphous variety 
around it. It is of course possible that hydration took place at an 
earlier stage, in which ca.se its age would b(i (‘arlior than that of the 
UTnorphous variety. 

(2) Manganiferous and ferruginmis replacements . — Coarsely 
crystalline polianite and psilomelane, showing little or no colloidal 
structure, wTre the next group of minerals t-o be formed by replace- 
ment of the primary minerals of the country-rock as well as of the 
amorphous limonite. Tliey are accompanied by fairly coarsely 
crystalline goethitc. In places, goethite has fonned earlier, being 
found next to limonite w'alls in the veins, the manganiferous minerals 
occupying the central portions of the veins. The manganese 
minerals of this ^generation are highly corroded and replaced by the 
minerals of the next generation. 

(3) Manganese-zinc-iron replacements. — ^PyrolusitiC, psilomelane 
with psilomelane component 3, chalcophanite, some goethite and 
chalcedony fonned at this stage. These minerals invariably show 
colloidal structures and occur in veins and druses in the earlier 
minerals, often replacing them, and following more or loss the frao 
turea and bands occupied by the minerals of the preceding stage. 
This is probably indicative of the time interval of the two stages 
being not so very great as that between the first and the second 
stages. [ The minerals may occtir in alternate bands indicating 
their successive and alternate precipitation from solution varying 
in composition from time to time.] 

The advent of zinc with manganese and iron is confined to this 
stage. The sourer of zinc like that of the manganese is unknown 
as no zinc-bearing primary mineral has been detected in the country- 
rock. Some of the manganese of this stage was no doubt derived 
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from the manganese minerals of the earlier stage. The introdootion 
of zinc into the ores is characterised by the advent of a fairly large 
amount of chalcedony and goothite in an exceedingly fine form. 

B. Field evidence and general discussion. 

The source of the manganese is obscure. Tlio lateritised zones 
occur in a country of granitic gneiss containing bands and streaks 
of mica-schist. These as well as basic igneous rocks seem to have 
been subjected to alteration ami replac^eincnt. Partly limonitised 
fraginent-s of arnphibole-schisi were found in the band south-west 
of Phasimal. Thougli none of these local typos of rocks have 
been chemically analysed to determine their iron and manganese 
content, they do not appear to be in any way abnormal. 

It is well-known that igneous and metamorphic rocks contain 
some manganese, the averages for igneous rocks being ()*]24 per cent, 
of MnO, or 0*10 per cent, of Mii^ according to F. W. Clarke and 
H. S. Washington, and 0*098 Mu according to Hevesy and others.* 
The (dement is contained mainly in some of the f^Truginous, titanb 
ferous and aluminous silicat<es such as biotite, chlorite, arnphibole, 
garnet, etc. Manganese is invariably accompanied by iimch iron, 
the proportion of Mn to being roughly 1 : 100 in acid rocks and 
1 : 30 in basic rocks.® From the above figures it can be computed 
that 1 kilogram of Mn may be derived from the dissolution of 1 ton 
of average ignc?ous rock, or frtim 3 to 4 t4)ns of granitic rock, sinc^ the 
Iatt<'r contains smaller amounts than iiJermediuU; and basic rocks. 

As we have s(?cn, the rnanganesC'On* is found in close association 
with limonite in zones whicli run paralhd to tln^ schistosity of the 
country rock. These, zones are cover(»d by forest and their junction 
with the surroiuidirig rocks is oii&cured by a thick mantle of ferru-* 
ginous soil. The occurrclice c»f brecciated quartzite cemented by 
chalcedonic silica seems to indicate that lateritisation has occurred 
in shear- zones. Such zones should have constituted exc^jllcnt chan* 
nels for the circulation of meteoric waters which, it is suggested, 
dissolved the manganese and iron contents of the surrounding rocks 
and precipitated them in these zones. The limonitisation of these 

» F. W. Clarke, Data of Goochemiat^. U. S. (J. H. HuU. 770. p. 20, (1024) ; Clarke 
and Washington. The Composition of tho Earth’s Crust. (7. G. £(• PrcfesMonal 
Paper 127, (1924). 

*0. Yon Hovesy, A. Merkel and K. Wurstlin. Dio HauSgkolt doa chroma mid 
Mangana. Zeits.f. anorg, Chem, 210, p. 102, (1034). 

" W. J. Vernadsky. Geochemie in ausgcwahlten Kajiitcln. p. 61, Loipsig^ 103(ik 
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zones is therefore thought to be due not merely to lateritic weathering 
but in a large measure to replacement of the country rock by 
circulating waU^rs. 

Manganese goes into solution as bicarbonate and less commonly 
as sulphate or phosphate.^ Carbonic, sulphuric and humic acids 
h(jlp in dissolving the manganese and iron content of the rocks* 
The bicarbonate is probably the most common form in ground 
waters. Iron is precipitated from these waters by oxidation and 
aeration in a slightly acid environment while the manganese comes 
down in an alkaline environment.^ Iron and manganese oxides 
(and hydrates) are precipitated under oxidising conditions, aided 
perhaps by the presence of living organisms which are held by 
many authorities® to play an important part in manganese deposi- 
tion. The minerals formed under oxidising conditions are wad, 
pyrolusito, polianitc and psilomelanc, some of the precipitates 
being colloidal in nature. 

Manganese is generally accompanicil l)y small amounts of Ca, 
Jia, Zn, Cu, Co, K and Li in a<lditioJi to tlu' dominant iron. Some 
of the oxides of tlu^se elements are probal)ly absorbed by the colloidal 
iron-manganese precipitates. Moreover it is known that Fe, Mn, 
Mg and Zn (divalent elements) can to some extent take the place 
of each other in isoniorphous relationship as they Iiavc more or less 
similar atomic, dimensions.** 

The minerals found in these tleposits limonite, goethito, pyrolu- 
site% polianitc, "psilomelanc and chalcophanite —indicate formation 
at ordinary temperatures and prcssuri\s. Some of them show 
colloform and banded structures. These fit in well with the hypo- 
thesis of deposition from ground w’ate,rs of vadose nature. This 
does not necessarily mean that the manganese and iron were derived 
from the rocks in the immediate vicinity. They may have been 
brought in from some distance by ground water in circulation. 

Field evidence is in accord with the microscopic evidence as to 
the age relationship of the minerals. As already mentioned, the 
limonite masses are traversed by veins of manganese minerals. 

* W. Lindgi^n. Hinoral Deposits, p. 280-81, 4th edition, Now York, 1933. 

•Carl ZapiTt). Tho dopisitiou of Maiigadeso. Eton. Oeol. XX VI, pp. 799-832, 
(1931) ; Catalysis and its bearing on the origin of Lake Superior iron-bearing formations. 
Econ, XXVIII, pp. 751-772, (1933). 

193o! Vernadsky. Goochomie in ausgewahlten Kaptioln. p. 71 ei seq, Leipzig, 

J. Vernadsky. Loc, ctL, p. 64. 



Prof. Pap. 8.] Kbisrkan A Onostt : Manganese-ore in Bamra. 

The cavities are lined by concentric layera deposited from water. 
The nodules in the soil represent replaced fragments of rocky matejial 
or segregation of ore in concretionary and botryoidal shapes,, during 
the course of continued weathering of the lateritised Zfines. 

Numerous examples can be cited as illustrations of deposits of 
residual and bedded iron-manganese ores which are reganied as 
having been laid dowm by vrator. These include rc^placeraent lodes 
and poc^kets, bog iron-ore and wad, and segregations of manganese 
nodules in the sea-bottom.^ Residual deposits of manganese 
of lateritic origin have been described from different parts of India 
by Sir L. L. Fennor.* The deposits described in the present paper 
may be considered as having the characters of both lateritic and 
metasomatic ones. 


IX. PROSPECTS OF WORKING THE DEPOSI rS. 

The analyses given in a previous section show that the or<^s vary 

from inangauiferuus iron ores (Mn 6 to 30 per cent, and Fe 30 to 

. , , 65 per cent.) to ferruginous itianganeHe-ores 

Low jjradc of ore. . ' . , 

(Mn 26 to 50 per cent, and Je 10 to 30 per 

cent.) in the nomenclature adopted by Fennor. All of thcuu con- 
tain a considerable amount of iron, and the total of iron plm iiianga- 
nes(j averages 55'4 per cent. In only one case does the manganese 
content exceed 35 jx^r cent., which would be classiluHl as a inanga- 
nese-on? in the U. S. A., but not in Indiu [&ce Jiee, Gcal, tiurv. hid.^ 
LXX, p. 221, 1935), The area certainly contains hcitter ore, but 
it would be difficult to collect quantities of such ore for purposes of 
marketing. The average deduced from th(i analyses given 
above will be about 26 per cent. Mn and 31 per cent. Fe. 

It is very doubtful whether a market can be found at present 
for such a low grade ore, espe< ially as large quantities of ore of high 
grade (with over 48 per cent. Mn) are still produced from the mines 
in Central Provinces and Vizagapatam. 

> Boyschlag, Vogt and Kruacli (Translated by Tniscott). l^opciaita of usc^fu) minerals 
and n>rks, London, 1916. Pp. S 12-869 (Metaaomatic Iron and Maiiganc*8o lodea) ; 
up. 982-1000 (Lake and bog orea) ; pp. 1099-1108 (Matigancme-ore bods). 

H. 1>. Miser. V. 8, O. 8,, BuU. 734. 

£. C. Harder. The iron ores of the Appalachian region in Virginia. £/. 8, O. 8, 
Bull. 380, p. 215. 

* L. L. Fermor. Manganeschoro depoaita of India. Mem. Geot. 8urv. Ini., XXX VU, 
pp. 380-389, (1909). . 



22 


Records of the Geotogical Survey of India. [ Vol. LXXV 


With regard to the quantities obtainable from the deposits i] 
fianira, it luis already been mentioned that the ore is distributo< 
in an erratic fashion in the debris and soil o 
Low y e . lateritised zones. So far as known, th< 

best results were got from the eastern slopes of the hill near Khairdih 
wln^re the yield was about 90 lbs. of 30 per cent, ore per cubic van 
of earth. At other places the yield will be much less, down t( 
almost nothing but slightly manganiferous limonite or lateritisec 
rock. In this band, espcicially between Pukhura and Krimaloi, f 
few hundred tons of ore (Jan be expected. This is of course a men 
guess, since it will be necessary to carry out 

Proftpectinis necessary. prospecting for arriving at a reliable 

CHtimat(» of the (piantities present in each band. 

The Pukhura-Krirnahji area is at a distance of about 20 milcF 
from the nearest stations on the Jharsuguda-Sambalpur branch ol 

^ ^ the Bongal-Nagpur Railway, while the Jamun- 

Transport facilHIcs. .. • i i. i r 

kira area is about 10 miles further away, 

From the rail-h(‘iMl to (Calcutta the distance is 330 miles. Should 

it lie possible to find a roniunc‘rativ(; market for the ore, the deposits 

can b(? worked by quarrying on a small scale with the local labour. 

The ore will in most cases re(]uire breaking up and hand-picking, so 

as to improve the grad(3 by rejecting the siliceous portions and limo- 

nitc, but it is lielieved that it will be difficult bring the manganese 

percentage oven up to 40 per C(?nt. without rejecting far too much 

of the iimUTiM. 

Perhaps the b(3St way of utilising the deposits will be to work 
tlie limonite as well as the femiginous manganesc-ore so that the 
whole can be used as a iiianganiferous iron-ore, in which case the 
tonnage available will be considerably increased and economic 

working will be possible under normal conditions. Such a course 


however will not be possible until there is a deiiiaiid for ferruginous 
mangauese-ore containing, say 5 to 15 per cent, manganese. 
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EXPLANATION OF PLATES 


PLATE i. 

Pro. 1. Quartz (white) lioinp; replaced by manganose-orc' (Thin Hection No. 26,638). 
X24, ordinary light. 

Fia. 2. Magnetite (dark grey) iv]»laeed along octahedral cleavages by haematite 
(liglit grey). PuliBhed neetion No. 404. x450, retlccted light 

Fig. 3. Uieinatile, showing twinning, emlKidded in polianilc and psilomelano 
(apiM'diing dark ow'ing to tieatmont with etcliing reagents). Polished 
se(dion No. 404. x4;i0, ivtlected light, crosm^d niools. 

Fio. 4. Polianito (marked by cleavage) l^«placed by colloform psiloinelane. Polished 
wotion i\o. 406. x4(), ivflected light. 







PLATE JI. 


Fifj. 1. Knlarg(Ml vii;w of a portion of Fig. 4, PI. 1, showing a remnant of ()olianite, 
replfioed by amorphous pailomoUne with pailomolane component 3 
(apfNjariiig as bright ra<iial needicH along the margin of amorphona 
IMilomelaiio). Polished section No. 4(Ki. Xl84» n',flcctod light, crossed 

nicolH. 

•Fio. 2. Shows spherical bodies of psilomeiano with a ritn of psilomelane component 
3, replacing poluiniti*. i^olished section No. 400. X 104, roAeotod 
light, cniHHod niools. 

Fio. 3. Arnr»rphoiJH limonite (L) veiiKHl and replaced by gcethito (Q), psilomelane 
and rfuilcophanUc (C) in turn. Chaloophanite further veined by 
jmilomolane. (AVe also fig. 6). Polished section No. 406. x37, 

ndleeted light, cn)rtaocl nicols. 

ITiu. 4. PyrohiHiU^ in the core is followed by several bands of amor{)hou8 psilomelane 
of varying powers t»f n'Aeclivity, and then by alternate rings of chal- 
(;ophanile (dark) and [isilomelarie in Liosegaiig ring fashion. Polished 
siM’tinn No. 407. x37, reflected light. 

Pia. 6. An eidiirgtHl view <if a jiortion of Fig. 3, showing highly birifriiigont chal- 
e<ip)winit« ((') with a ccMilral vein of jwilomelane (dark), veining goetbite 
((J;, fisiloiiielapi' (P) and linionitc (L), the hist mentioned mineral being 
the earliest of all. Poli.shed section No. 403. X184, reflected light, 

croHWMl nieols. 
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Plato 2. 


Pn>tc>MOiKil Paper. No. S. 



FKi 1 POLIANITE iCENTRALi REPLACtD 
BY PSILOMELANE AND PSILOMELANE 
COMPONENT d 
X 184. lij;lil. X mkoIs 



Fiti 1 AMORPHOUS LIMONITE (L) VEINED 
AND REPLACED BY (iOETHITE l(i.. PSILO 
MELANE AND CH ALCOPH ANITE <C) 

X d7. te<l X iiKols 



no 2 l‘SILOMtLANE WITH MARGINAL 
RIM or PSILOMFLANE COMPONENT d 
IN POLIANITE 

X 184. n-fli-( tril li/^lit. X iinols 



Fi( 4 PYROLUSITE lOLLOWFD 
BY PSILOMELANE (P) BANDS, 
CHALCOPHANITE (Cl ETC. 

X d7, rc/li'f li'tj 



FIG 5 CHALCOPHANITE iCi WITH VEIN OF PSILOMELANE 
'Pji. VEINING PSILOMELANE GOETHITE (Gl, THE 
LAST TWO VEINING LIMONITE .'L; 
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The Cambrian Fauna of the Salt Range of India. 

By W. B. R. King. (With Plates 1-5.) 

GENERAL INTRODUCTION. 

The collection conaista of a large number of foaails from the 
locality at Kuaak (32® 42' 30* : 73® 4') from which Mr. Middlemiaa 
obtained the foaaila described in 1901 by Redlich. 

This part- of the collection enables additional information to be 
obtained regarding the trilobite RedUchia, but the^ brachiopoda 
have been so fully dealt with by the late Dr. Walcott in hia mono- 
graph on Cambrian Brachiopoda that there aeema to be little to odd 
to bis description. 

^ The other localities from which identifiable foaaila have been 
obtained are N.E. and E.N.E. of Ghittidil Rest Houae (32® 29' : 
71® 64') — ^here some new trilobites have been found which are 
described in the sequel. 

The brachiopoda from these localities appear to belong to forma 
already described firom India and re-describ^ and figured in detail 
by Walcott. 

The specimens from Chhidni (32® 33' : 71® 46') are in a poor state 
of preservation^ and do not appear^to justify description. 

From Ehewra (32® 38' : 73® 1') specimens of Neobdus hare been 
obtained, but these do not show any new features and so have 
not been refignred. 
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Diwiiissioa regarding the Salt Range Cambrian succession has 
been published by Mr. E. K. (iec in 1934 and in this there is a biblio- 
graphy of tlie papers dealing with the Htratigraphical succession. 

Tlie following gives a list of the localities with the forms which 
have been identified : - 

Kusalc Fort Hill. (K33/689). 

Redlichia sp. 

Neobolm warihi Waagen. 

Ifyolithes wi/nmi Waagen. 

Kusak Fort Hill. (K33/590-592). 

Redlichia nmilingi (Kcjdlich). 

Hotsfordia (MolM^gia) gramlata (Redlich) 

1,000 yds. N.E. of Ohittidil Rest House. 

(K33/591 and Types 17264-07). 

Ohittidilla plana gtm. & sp. nov. 

Ptffchoparia sakesaremis sp. nov. 

900-1,000 yds. E.N.E. of Chittidil Rest House. 

(K33/69r) & Types 17256-63). 

Ptychoparia geei sp. nov. 

I*tychoparia sakesarenais sp. nov, 

Lingulellii wanniecki Redlich. 

Botiifardia (Motiergia) gramdata (Redlich). 

If m. a.E. of Chhidrn. (K33/671-72). 

? LinguklUi mnniecki Redlich. 

Khewra gorge. (K33/674-675). 

NcolfoliLs warihi Waagen. 

Nilawan. (K33/676). 

Secholm ii'arthi Waagen. 

Jlyolithes Waagen, 
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TRILOBITA. 

Order opistoparia. 

Family HfCDLlCfflUUS. 

Redliceiia CoBsraan. 

Rexllichia noeilingi (Rwllich). 

Plate 1, ligs. 1-3, Plate 3, iigs. 1-9 aad Plato 4, figs. 1-10. 

Hoeferia utteilingi RedHch, Pal. Ind.. liH)!, both Var., anguMta and 
var., lala. 

Redlichia noetlingi (Redlich) : Ooastnann. R€t\ Critique PfUmozod., 
1902, p. 52. 

Rediichia noetlingi (Redlich) : Reed, Pal. Ind., 1910. 

R<‘dlich'8 original description of this form (Redlich, 1901, p. 3) 
und<T th**- iiaiiie Iloeferid noetlingi gives the main featiin^s of the 
species, I ml some additional information is now available. Some 
30 good speoiraons of cranidia are in this (collection, most of them 
show some signs of distortion although tin* nxdc in whhdi tlioy are 
proser\^ed is a mudstone with no obvious signs of (cleavage dccveloping. 

It has be(cn found that by measuring all the available g(K>d 
cranidia and plotting the results, some interesting figures are 
obtained. * 

It appcjars that tin* averages breadth of the glabcclfii at th(j post(!rior 
glabella furrow is (i2 ix'r cent, of the length of the glabella. Similarly 
iking the average of tlie angle between the pre-ocular part of the 
facial suture and the axial direction we get aii angle of 04*^ (angle a 
of Saito, 1934, p. 219). (See text-figure I.) 

In the abundant material now available there is every gradation 
from the short stumpy glabella to the narrow elongated form, which 
suggests that the vars. laUi and angusia of Rcdlich’s original descrip- 
tion may be better interpreted as distortion of the specimens 
belonging to the same form by compression of the rock either parallel 
to, or at right angles to, the axial .direction of the cranidium.^ 

> \\ bitf^houac* (1939, p. 168) poinU out that he haHchoitan Plate I, Sg. 1 of Hodlich 
as the lectotypf. TIjo n’^-exairiination of the type Tnateriai whows that this ttpccitneii is the 
oily one which can W idf*ntiHril with cc*rtaiiity and the pn^sent st^iidv shows that both 
naincs var.. angneia and lata must lx; abandoned, ^ 
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If we take these average measurements as representing the pro- 
fiahle dimensions of the original cranidium, we get an outline as 

A B. 



Fko. 1.— A. Valuci for angle a from specimonB ehowing both right and left margins of the 

2flt 

pregiabellar field. Value ^ plotted giving an average of 64*’. B. Breadth/^ 
B X 100 

Length ratio for glabella giving a value of about 62 : 100 for the 

probable dimensions of the glabella. 

in text fig. 2a. Tl^ outline was drawn on a piece of soft draughts- 
man indiarubber (a) with the hzial directiou along the length of 
the rubber, and (h) at 30°, 45° and 60° to the length. The rubber 
was then subjected to slight compression in a vice, and the text 
figures 26^ are drawings of the deformed outline so obtained. The 
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figure in the right hand top comer was a aqhare liefore defonnatinn 
and shows the slight amount of compression which was used. 



Pin, 2. —a. UndistorUid vranidiam drawn from avr^rago mtiaaiiretiu^niH. 
b, Compreifttod paraUel to axia. 

e. Conipreacicd at right angles to axiK. • 

d. & €. Compressed to axis. , 

/. Compressed 30** to axis. 
g. Compressed 60^ to axis. 

It will be seen that these outlines agree in a remarkable way 
with the specimens figured in Plates 3 and i. 

One rock fragment has two craipdia, one on each side of the 
fragment. In one there is fairly complete symmetry, but the crani- 
dium IS of the short stumpy type of the var. kUa with angles of value 
of about 85®~'-80"' to the axial line for the pre-ocular course of the 
facial suture (angle a) (Plate 4, fig. 3), The other specimen (fig. 4) lies 
with its glabella at an angle of al^put 40"" to the first (but on the other 
side of the rock). This shows a distorted cranidium tending towards 
the var. angusta type with angle a of Td"* on the one side which is 
preserved. Clearly here the form is controlled by the direction in 
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whiih tlic craniclui lie In relation to the direction of compression 
in tho rocks. 

In studying the rest of the material representing this species, 
the Hha]>e of the fr(‘c checks ran he deterinined with some certainty. 
Then* are several points where the aihlltional material supplements 
Itedlicli’s figures ami diagrarn.s. The best preserved specimens show 
an absolutely continuous curve, of tlie outer margin of the cheek 
with the genaJ spine, whereas Redlich’s restoration {op. cit.y Plate 1, fig. 
sliows a distinct outward bend of the spine at its junction with the 
cheek. Secondly, the margin is strengthened by a strong doublure 
wliicli continues the curve of the margin anteriorly on the under 
sidci of the chc<‘-k as a spike. The section of the margin is flat on 
the dorsal surface and rounded on the v<mtral side. 

Hedlich notes that tliis margin is longitudinally striated 
This is true in general although in <Ieiail the straw at the actual inargiu 
are not parallel to the, margin l)ut directed slightly inwards anteriorly. 
The gMiial spine is oval in section and on it the striiw turn 

into short marked rugo.sitieH nearly deserving to be calle^d l)lunt 
spirwlets, Tliey are arranged mii(‘h as tlie scales on the cone of a 
lir tr<ie. 

One point which lias given much trouble is the course of the post- 
ocular jmrt of the facial suture. On the cranidia ligured by R<*dlieh 
this is nt)i shown but in the reconstruction the wing-like ext(*nsion 
of tlie c.ranidium along the posterior margin is shown by dotted 
lines unci the ppsition of this part of the facial suture was undoubt- 
edly obtained from, a study of the free checks. 

In the abundant material now available for study, only two 
Bpeeiiuens have been found which show this narrow lateral extension 
of Uie posterior part of the cTanidiuin, all the others appear to have 
a post-ocular facial suture which runs nearly straight down to the 
posterior border. This is deceptive, and is probably due to fracture 
for a study of the free cheeks supports the evidence of the two 
specimens regarding the presence of the lateral extension. 

A number of the cranidia show a row of definite pits in the furrow 
which separates the pre-glabellar field from the anterior rim (see 
Plato fig. 6). 1 his agrees with what was found in the specimens of 
Redltchia from Persia (King, 1930). , 

There are some twenty well preserved free cheeks. The thick- 
ened border, with its doublure is continuous with the genal spine, 
and with the outer half of the posterior margin. That the doublure 
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18 continued beyond the genal tipme is well seen in one of Redlioh’s 
specimens figured by him (1901, Plate I, fig. 3) and refigurod here 
(Plate 3, fig. 4) and also seen in the specimen (Plate 4, fig. 10). At the 
point where the raised border and doublure end, at some little dis- 
tance posterior t^) the genal spine, the post(Tior margin of the free 
r cheek takes a sharp bend of about so that for some distance it 
runs at right angles to the main axis of the trilobite before it rises 
sharply to the base of the ocular area. This latter part corresponds 
with tlie apparent base of the fixinl cheek as seen in the great majority 
of specimens. 

In his discussion of li, chimmis, Saito states the post-ocular 
course of the suture is unknown, but it is likely that it is repres- 
ented by the margin OX, text-fig. 1 ”, i.c., he assumes that it runs out, 

* in A similar way to that in which it appears to do in R, noetlin^iy alib(»ugb 
in some other species of R**dlirhia the post-ocular course is short 
and runs directly backwards. An examination of Mansuy's (1912) 
excellent plates of R, cMnensis { ~R, mamuyi Rosser and Kudo), 
supports Saito’s suggestion. 

Tills feature emphasises the close relationship between R, medingi 
R, chinensis and R, mamuyi. 

At the point where the suture reaches tile posterior border, 
how’cver, there is a marked change in the direction of the posterior 
margin of the cephalon which is well shown in Redlioh’s reconstruc- 
tion (Plate 1, fig. 8). • 

This is of considerable interest when the systeiiiatic p^jsition of 
Redlichia is considered, for, as Poulsen says (1927* p. 319) “ Redlichia 
is, at any raUj, the genus which shows the clost st relationship to 

* the Mesonacidio, the most primitive family known In the 
Mesonacida? it is common to find a marked inter-gcnal spine, while 
in some species, e.g,, 0. gramlafidicus (Poulsen, 1927, XIV, fig. 29), 
the main spine is situated in a position very similar to that on the 
free cheek of Redlichia. If the genal spine of Redlichia is homolog- 
ous with the genal spine of the Mesonacids, and the angular bend 
in the posterior margin of the Redlichia (lephalon is homologous 
with the inter-genal spine of certain olenellids, it would appear 
to strengthen the relationship of the two families and to suggest 
that the well formed suture of Redlichia points to the probable posi- 
tion of the undeveloped sutures of Olenellus ; that Ls, in the position 
Poulsen consideis most likely. (See also Whitebouse, 1939, p. 188.) ^ 
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'J’horax.- ^>nly mattered isolated pleuisB are preserved^ but a 
fUJinbfT of strong spines are found similar in every way to the genal 
spines only symmetrically spreading out into a funnel-shaped area. 

A few of these are attached to the axial part of a thoracic segment 
(I’latc J, Hg. 1). In two cases the spine and axial ring are joined to 
a short pleura with the normal spined termination. Tiie shortness 
of the pleural part suggests that it was one of the posterior segments. 
This agrees with the observations f^f Saito and Mansuy on other 
species of Redlichia, 

The pleuras are obliquely grooved and end in sharp backwardly 
dire(jted spines (Plate 4, figs. 6-7) which vary much in length according 
to their position in the thorax. In one specimen the spine is seen 
to be formed of a dorsal and ventral part, the latter being the 
doublure (Plate 1, fig. 3). This gives a flattened hollow structure 
which, when broken from the rest of the pleura, might easily be 
mistaken for a specimen of an Hyolithid. 

iSince the tinu; of Redlicli’s description of the first species of the 
genus under the name lioeferia ftoedwgi, a number of tw^w species 
have been described. Of these the nearest to the Jndian form is 
IL nohilis as noted by Walcott, who states that it is “ closely relat(‘d 
to R. noetlingi the only difTercnct^s being minor proportions of the 
glab<Jla, while Saito states that the main difference is that in R, 
nobilin the palpebral lobe does not reach the glabella, while in /?. 
noeiUnffi and^ i?. chinensis it is only separated by the furrow. 

The chief difference from R. chimn^is is in tlie angle a made l>y 
the pre-oeular cour-se of the facial suture which is txr in R. chinenais, 
75'" for /f. nobilis and 64 ' for R, noetlingi and 45'' for R. coreanioa. 

lleceutly several new species of Redlichia have been described 
by Kesser and Kudo from Eastern Asia. Some of the forms origin- 
ally referred to R. chinensia by Mansuy and Walcott have been removed 
from that species to R, mafusugi by Kesser and Endo (1937, p. 282). 
'fhis form has much in common with R, tioetlifuii. The Australian 
form described by Foord (Etheridge Jr., Ms.) under the name Olenel- 
lus forresti in 1890, has many similarities to the Salt Range species. 
The angle a however is rather smaller, being about 50^ to 45'’. Dr. 
C. J. Stubblefield is working on* some new Australian material and 
oompatiaons between the forms fri>m the two areas will, no doubt, 
indicate further features of similarity and difference. He has given 
me much help in studying this collection. 
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The question of the age of the Redlichia b%Mis is disoussed by Saito 
and the writer agreed with his opinion (King, 1937, p. 6), that they 
should be placed in the lower part of the Middle Cambrian. This 
opinion is expressed by Dr. Walcott when redesoribing the 
brachiopods. Dr. Whitehouse (1939, p. 264) however still retains the 
Redlickia stage in Australia in the Lower Cambrian although he 
states that the Australian horison is equivalent to an early part 
of the RedUchia sequence, as developed in Asia ** (p. 266). It has 
been thought advisable to refigure the original speoimens described 
by Redlich since his drawings are considerably restored. 

The specimens from the Neobolus Shales of the Chittidil localities 
belong to species of Ptychoparia and an allied genus here named 
ChiUidilla. 

The position of Ptychoparia has always given much trouble in 
Cambrian PalsBontology, for authors have interpreted it in diverse 
ways, some using it in an extremely wide sense, while others have 
tended to split it up in numerous new genera. Reed (1910, p. 13) 
devotes several pages to the subject, but retains a large series of 
species in the genus. Walcott (1913, p. 130) also included many 
species in this genus, but pointed out that he has included forms 
with relatively long palpebral lobes. Similarly many North 
American species have been referred by various authors to the genus 
Ptychoparia, 

Recently, however, there has been a tendency, 'particularly by 
Kesscr in America, and Kobayashi in Japan, to* refer the American 
and Asiatic forms to newly erected genera. 

Undoubtedly it is advantageous to refrain from lamping 
unrelated forms together into one genus, but on the other hand faunal 
similarity of widely separated regions may be masked by giving 
a new generic name to a form largely * because it is from a different 
geographical area. 

The main difficulty with Ptychoparia appears to be that when 
dealing with simple types which conform to the common unspecia- 
Used Middle Cambrian pattern it is doubtful what reliance can be 
placed on minor variations in the relative dimensions of the various 
parts, and it often appears that there is nearly as much variation 
between the different species of some of these newly erected genera 
as between the various genera themselves. 



10 


liemrds vf l/ie (jimlogical Surt)ey of India. [ VoL. LXXV. 

TIh* forriiH from Ohittklil appear tcj be very near even the most 
ilefinition of the genus Ptychaparia based on the type 
/Y. striiiUi Kmrnerich. 

The fiK-t that all authors admit that forms which cannot be 
distinguished from Piychopafvt have been found in the Pacific 
Middle (yambrian province, does appear to justify retaining that 
geiH'ral narne for many of the Indian species. 

In making comparison with Reed’s (1910) Ptychoparia from 
Hpiti, a difficulty arises in that the Spiti fossils are all crushed 
and <l(*formed, and it would seem to be better to erect a new species 
rather than make what is possibly a false identification which 
would tend to carry an <^xact correlation of the beds in the two 
areas. 

If however tluise forms are moved from Ptychoparia they must 
he placed in or very near Whitehouse’s new genus Lyrianpis from 
the Middle (Jarnbriau of Australia (Whitehouse, 1939, p. 202). It 
may be noted that Whitehouse places the 8piti species Pt. spitiensis 
a!ul Pl slracheyi of Reed in his new genus. 

TRILOBITA. 

Order OPISTOPAHIA. 

Family PTYlHOPAJUlDAK, 

Genus Ptychoparia. 

Ptychoparia geei sp. nov. 

, Plate 1, figs. 6 and 7. 

Descript ion. --}iody oval flattened. 

(Vphalon.-- Almost exactly semi-circular extending beyond the 
thorax at the angles, just twice as wide as long. Genal angles with 
Hat. stout spine reaching to 4th or 5th thoracic segment. 

Cranidium.- “Glabella slightly elevated above the rest of the 
cranidium, tapering sub-couical with rounded anterior margin ; ratio 
of length to width between 1-3 and 1-5 to 1. Glabellar furrows, 
throe in number well marked at the margins but not extending across 
the glabella ; posterior pair directed backwards at an angle of about 
45®. The middle furrow directed only slightly backwards, and the 
anterior furrow short- aud either running straight into the glabella 
or dirocfted slightly anteriorly in a few specimens. 

The fixed cheeks, flat, 2/3 width of glabella at the palpebral lobes, 
pre-glabellar field slightly convex, separated Erom well tnark^ narrow 
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frontnl margin by a well defined but shallow groove. Frontal 
margin somewhat upturneil and t?ouvex, wider in centre than at 
# edges. The pre-glabellar field is separated from the fixed cheeks 
by a well marke<l eyelinc which joins the glal>ella halfway between 
tlie iiiiWrior glabella furrow and the anterior end of the glalndla. 

Palpebral 1oIk\s small. Tlie c*ourse of the facial suture is similar 
U> that found in Pigehoparia striata. It rises first at right angles 
across the posterior margin of the crephalon and swings inwani to 
run practically straight to the palpebral lobe at an angle of 45” to 
the posterior margin. 

From the palpebral lobe it runs almost parallel to, or diverging 
slightly from the axial line till it meets the furrow separating the 
anterior margin from the pre-glabelhir field where it turns sharply 
and passes obliquely across the anterior margin. 

Tlie free cheeks show a flattish thickened border only slightly 
marked off from the centre of the cheek. The anterior corner shows 
tlic oblique crossing of the rim by the facial suture and the posterior 
{)art is produced into a strong fiat geual spine. 

TJioracic segments. —A slightly tapering axis which at the third 
segment occupies about 2/9th of the total width of the body number 
of segments unknown* probably not less than 12. 

Pleiinc narrow, and faintly grooved, ending in short posteriorly 
directed spines. 

Pygidiuin. Hniall, lens-sbuped ; axis well defined about 5 rings 
visible ; lateral parts 4 segments visible ; margin enti/e. 

Meamrvmt’niti of type - * 


CVphalon - 

11 mni. 

UidU) ......... 22 null. 

ClnlH'Iln (includiiif? n?( k ring) — 

Irf'iiqlh . . . . . * 

Width .5 rom. 

t raiiidiiim width at (mlpebral JoIjch .... 11*5 turn. 

Thorax at 3rd body ring ...... 21 mm. 

Axis at .'Ird l>ody ring ....... 4 mm. 


.Mr>Hl of the a|iecimc'nM of cranidia measure approx iinaU'b 10 x 15 min. 

The material consists of one n^ie or less complete cephalon with 
eight body rings attached. There are also several fully grown 
cranidia and in the collection there are a few isolated pygidia which 
probably belong to this species. 



12 Rar/prds of the, Geolf)gi(tU Survey of India, f Vol. LXXV. 

All the specimens -arc preserved in a fine maroon-coloured inud- 
Ntone wityh micaccoufl partings and thin grey bands. 

The specimens appear to be flattened, but show no signs of dis- % 
toition like the Redlichia of Kusak. 

From the stratigraphy the horizon cannot be far removed from 
the Redliehia horizon of Kusak, although no signs of Redlichia itself 
have l)een seen. The characteristic Botsfordia (Mobergia) of that 
horizon, however, does occur with other brachiopoda on the same 
slabs as the Ptychojmia. 

Ptychoparia sahesarensui sp. nov. 

Plate 1, figs. 8-9 and Plate 2, figs. 1-4. 

Associated with PL geei is a closely related form with a more 
quadrate cranidium and glabella. 

Devmpiion. "^ranidium, general appearance square. Width 
a1. eyelirie almost exactly equals the length along the medial axial 
line. Frontal border only slightly curved, frontal rim widest at 
central point separated from pre-glabellar field by shallow furrow 
(specimens tend to break along this furrow). 

Pre-glabellar field slightly inflated, marked from the fixed cheeks 
by a well defined eyeliiie which starts a little below the top of the 
glabella, and runs slightly backwards to a small palpebral lobe. The 
two branches of the pre-ocular facial suture converge only very 
slightly as they run forward to the anterior margin. 

The small pah)cbral lobes are situated half way l.)etween the 
anterior an«l posterior margins. The post-ocular f)art of the facial 
suture runs back to the posterior margin at an angle of 40° to the 
axial line. 

Glabella with straight sides converging slightly anteriorly, trun- 
cated by gently curving anterior margin. Glabella slightly rai.sed 
above general level of the cranidium. Three pairs of glabellar 
furrows, each reaching about J across the glabella. Posterior pair 
directed slightly backwards. Neck ring fairly well defined. 

This form diflers from Pt. geei in the more quadrate shape of the 
whole cranidium, and also in the shape of the glabella, which here 
is a truncated cone while in Pt, geei more parabolic in outline. 

The material consists of a number of cianidia, both mature and 
small immature specimens, all preserved in maroon shale and thus 
probably somewhat flattened. It is difficult to compare these sped- 
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meitf with the form called ConoeephaJUe$ varthi hy Waagen but 
as wiD be seen from the photograph of this specimen (Plate 1, 
fig. 4) it should probably be referred to the same genus as Ptytkxh 
jHiria oakeoarenois though perhaps not to the same species* 

Since Pt. oakesarensis and Pi. geei occur associated it is difficult 
to say which isolated free cheeks belong to which specieB. 


CkiUidiUa plana gen. and sp. nov. 


Plate 2, figs. 5-8* 

Descnplion.— Cranidium consists of slightly tapering glabella » 
with three pairs of glabellar furrows faintly visible ^.retching about 
1/3 way across the glabella and directed slightly posteriorly. Neck 
ring well developed with short posteriorly directed blunt spine. 
Fixed cheeks wide, nearly flat, pre-glahellar field slightly arched 
and reaching without a furrow to the anterior margin, thus it makes 
one feature with what must he the frontal rim, Pre-glabellar field 
divided from the fixed cheeks by a nearly horizontal eyeline which 
joins the glabella a little behind its anterior margin. 

The facial suture rises abniptly from the posterior margin, and 
after crossing the posterior furrow swings in towards the glabella ; 
at the posterior end of the palpebral lobe the fixed cheek is nearly 
as wide as the glabella at this level. The palpebral lobe is not ver} 
inflated subtending about the middle 1/3 of the length of the glabella. 
From the anterior end of the lobe the facial suture nins practicially 
straight forward to the margin diverging only a few degrees, 

A free clieek associated with these cranidia shows a strong genal 
spine and the forward bend of the anterior course of the facial suture 
at the anterior margin. 

Associated thoracic segments are poorly preserved, but apf^ear 
to end in a blunt spine rather than being rounded. 

Dimensions of type— 


Length of cranidium . . • • 

Breadth of oranidJam at poeterior margin 
Breadth of cranidium at palpebral lobes . 
Length of glabella from neck ring . 
Width of glabella at neck ring 
Distance from glabella to anteribr margin 


7'S mm. 
11*4 mm. 
8-2 mm. 
3'7 mm. 
3*5 mm. 
2*4 mm. 


These fossils are associated with brachiopods at K33/594 in the shales 
** near the top of the Magnesian sandstone series 1,000 yards N. 
of Chittidil Best House, 
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Ttiere are 6 cranidia and a few isolated fragments. They differ 
from mo«t other types in the fusion of the pre-glabellar field and the 
anterior rim. This is a rare feature in Middle Cambrian trilobites, 
and appears to justify the erection of a new genus to accommodate 
tliese forms. They clearly belong to the Ptychopariid stock. 

Horizon. — At Spiti the horizon yielding the munerous Ptyclioparia, 
described by Reed appears to be definitely in the Middle Cambrian 
while in Cliina similar Ptychopariids are said to be found both in 
the Ijower Cambrian And Middle Cambrian (Walcott, 1913), but since the 
work of Haito shows that all the Redlichia horizons of Korea are 
above the Protolenus zone, it may be necessary to move some of the 
beds formerly classed as Lower Cambrian up into the Middle 
Cambrian. 

In the Halt Range the Ptychopariids here described come from 
** near the top of the Neobolus Shales and also from “ purple grey 
shales near the top of the Magnesian Sandstone series 

The present collection would seem to group these into one paheon- 
tological horizon of the Middle Cambrian, but probably quite low 
in that division. 

Note on tlie type of Oknus indicus Waagen. 

Uttie can be added to the description or figures of this specimen 
given by Waagen (1889, Plate I, fig. 3) and photographed here (Plate 
1, fig. 5) but there can be little doubt that the specimen cannot be 
referred to Olenus. From a comparison with Asiatic trilobites de- 
scribed in recent years it would appear that this specimen should be 
placed with or near the genus Blackwelderia of Walcott. In this 
genus many species have similar large irregularly spaced pustules 
on the glabella and fixed cheek, but until more material and parti- 
cularly pygidia are found no accurate reference to any genus can be 
made. 

The specimen does however suggest a Middle Cambrian rather 
than an Upper Cambrian horizon for the beds in which it >vas found. 
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EXPLANATION OF PLATES. 


PLATE 1. 

Redlichia noetlingi (Redlich). 

Fig. 1. — Short ploura attached to axial ring with long spine. 0. S. 1. No. 
K33/691 p. 

Fio. 2. —Axial ring with Mpinc. O. S. 1. No. K33/591 q. 

Fiq. 3. — Cast of ph'ura showing <loiiblure. G. S. I. No. K33/501 r. 

Fiq. 4. — Piychopftria vtarthi (VVaagon) Photograph of type of CcnoeephalUes tvariki 
Waagen, PaL Indica Scries, XIII, Vol. IV, Plate I, flg. I, (1889.) 
G. a I. Type No. 4/112. 

l«\a. 6. — 0Unu9 indiciis VVaagon, Pal. Indica, Series XIII, Vol. IV, Plate I, 
flg. 3, (1889) ? Blnchu^lderia, G. S. I, Type No. 4/114. 

Ptychoparia geei sp. nov. 

Fio. fl. — I'yiKs specimon from iributaiy goige about 900-1,000 yds. E. N, K. of 
('hittirlil Hcht Houst*. Salt llange. .32'29' : 71*64' Near the top of 
tlie Ncobol\is Shales. 0. S. I. Holotypo No. 17266. 

Fio. 7. — Cranidium. Same locality. G. 8. I. Type No. 17267. 

'Ptgehoparia sakemrensis sp. nov. 

Fio. 8. — Cranidium. Type siwcimen. Same locality and horizon as Pt, geei 
G. S. 1, Holt^ty^.H^ No. 17268. 

Fio. 9. — Another cranidium w'itb small immatuie cranidium touching it at the 
left jMilpebral lc)l)e. G. S. 1, Typi> No 17269. 

All figures x2. 
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Plate 1. 


Pioti'vMonal Paper. N»* 
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PLATE 2. 

Plyeh^pana aakesofensia sp. noy. 

Fio. 1. — ^Fygidium. G. S. L Type No. 17260. 

Fio. 2. — Small immature cranidia probably belonging to tbie G. 8. 1. 

Typo No. 1726K 

Fio. 3.->Small eranidium. Same locality. G. 8. 1. Typo No. 17262. 

Fio. 4. — Fw>e cheek belonging to cither PL salcemrmaia or I*t. geH. Same loca- 
lity, G. S. I. l>po No. 17263. 

ChUiidiUa plana gen. et Rp. nov. 

Fro 5. — Typo specimen from gorge about 1,000 yds. N. £. Chittidil Rest House. 

From purple shales near the top of the Magnesian Sandstone Beriee. 
G. 8. 1, Holotypo No. 17264. 

Fio. 6 & 7, — Cranidia. Same locality. G. 8. I. Type^Nos. 17266 and 17200. 
Fio. ft. — Free check and pleural fragments. Same locality. G. S. I. Type No 
17207. 


All figures 





PLAtE 8. 

ReiUtkia noeUingi (Redlieh). 

Fia. 1 ^Photograph of type specimen figured by Redlieh, Pal. Indiea New 
Series, VoL I. PL I, fig. 1, (1901). G. S. I. Type No. 7/232. 

Flos. 2 k 3. — Other spociinons used by Redlieh, Pal. iTidicOt New Scries, VoL I. 

PI. 1, figs. 8 and 2. G. S. L Type Nos. 7/230 and 7/233. 

Fio. 4 — Free cheek figured by Redlieh, Pal. Indka. Now Scries, VoL I. PL I, 
fig. 3. (lOOl). G. S. I. Type No. 7/234. 

l^'iQS. 6-9.— Granidia showing distortion due to dilTenmt amounts and direotions 
of compression. Q. S. 1. Nos. K33/591a-e. 

AH figuns x2. 
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^LAIIE 4. 

Remehia noeUingi (lledlioh). 

FiOS. 1-3. — Crariidta Ahowiiig distortion duo U> cliiT<m«nt aiiiounUi and dirootioiid 
of comprossion. Q. S. I. Noa. K33/.WI/’A. 

Figs. 4 k 5. — Cranidia showing narrt)w oxUmaion of tho iKwiorior t>arl of iho iixod 
cheek, (i. 8. L Noa. KlVi/mi i j. 

Fius. 0 k 7. — Isolated pieunc. G. 8. 1. Non. K33/51U k-l 

Flos. 8 k 9. — Free cheeks, (j. S. 1. Non. K33/.591 m a. 

Fiu. 10. — CaHt of free cheek showing extent of doubluie on outer |)ai*i of posterior 
border. (8oo also fig. 4 above). G. 8. I No. K33/5U1 o* 

All figures X2. 



PLATE 6. 

8e<|uenoe «xpoaed in Kiisak iort bill, Snlt Range, 










